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LETTER 

FROM 

THE SECRETARY OF WAR, 

TRANSMITTING 

The annual report of the Mississij^pi River Commission, 



January 6, 1885. — Referred to the Committee on Rivers and Harbors and ordered to 

be printed. 



War Department, 
Washington City^ Janttary 6, 1886. 

The Secretary of War has the honor to transmit to the Hoase of 
Representatives the annual report of the Mississippi River Oommission 
for 1884. 

The estimate, $100,000, of the Commission for salaries, traveling ex- 
penses, &c., for the fiscal year 1886 will be foand on page 204 of the 
Book of Estimates for 1885-'86 (House Ex. Doc. No. 5, Forty-eighth 
Congress, first session), and the three items, $500,000, $1,0004>00, and 
$7,000,000, for coutinaing the improvement of the river, are included 
(page 168 of said document) in the amount, as reported by the Chief of 
Engineers, which can be profitably expended in the next fiscal year. 

ROBERT T. LINCOLN, 

Secretary of War. 

The Speaker of the House of Representatives. 



The Mississippi River Commission, 

President's Office, 
New Torkj December 19, 1884, 

Sir : The Mississippi River Commission have the honor to submit 
the following report, embracing the subjects and subdivisions specified 
below, to wit : «■ » mi« 

1. Progress of surveys and examinations since December 1, 1883. 

2. Construction, 

3. Remarks on the subject of levees and outlets. 

4. General discussion of the problem of the rectification of the Red 
and Atchafalaya rivers. 

5. Legislation. 



* •» 



REPORT OF THE ^Ie&^fP^I "RIVER COMMISSION. 

6. Financial '^ptatrai^^^S'^nd estimates of funds for the fiscal year 
ending Jujie:30,M886>*fbr "surveys and expenses of the Commission, 



and foK*finpxdyiHg Mississippi Kiver.'' 
_• * • « • • • 

PROGRESS OF SURVEYS AND EXAMINATIONS. 

The surveys and examinations undertaken in pursuance of the re- 
quirements of the third section of the act under which the Commission 
was organized have been continued. 

In the last annual report progress in this branch of work was noted 
to December 1, 1883. From that date to December 1, 1884, work has 
been accomplished in field and office as follows : 

Oavges, — Daily readings have been taken and displayed at all the 
stations previously established. New stations have been occupied on 
the principal tributaries, and continuous records obtained from the 
dates of establishment. 

These gauges are : Paducah, on the Ohio, June, 1884; Wittsburg, on 
the Saint Francis, June, 1884; Clarendon, on the White, July, 1884; 
Yazoo City, on the Yazoo, July, 1884. 

The Commission now maintains twenty gauges on the Mississippi 
and tributaries. Since the inauguration of the present inspection serv- 
ice, mentioned in the last report, the breaks in the records of these 
gauges have been few and brief. 

The miscellaneous work performed in connection with the gauge in- 
spection is detailed in the report of the secretary of the Commission^ 

The only violent change in the regimen of the river has been a cut- 
off, which occurred about May 10, 1884, through a narrow neck nearly 
midway between Vicksburg and Natchez. The channel was shortened 
about 12 miles. A survey was obtained within a few days after the 
event, and two have been made since. It is proposed to continue these 
examinations at, above, and below the cut-off, to determine as far as pos- 
sible its immediate and ultimate effects upon the channel in its vicinity. 

Precise levels, — No field work has been done during the year. The 
final reduction of the portion of the line between the Mississippi River 
and Lake Michigan has been completed. 

Final topography and hydrography — Has been completed from Trot- 
ter's Landing to Saint Louis Landing, 45 miles; from Plum Point to 
Randolph Point, 46 miles; from Donaldson's Point to Caruthersville, 
60 miles ; and from Grand Tower to Devil's Island, 27 miles; making a 
total of 168 miles surveyed during the year. The survey of the river, 
with marginal topography, is now complete from Cairo to the Gulf. 

Detail charts (scale one ten-thousandth have been finished from 
Greenville to Lake Providence, and from Waterproof to Donaldson ville, 
covering 222.4 miles of river. The charts from Cairo to New Madrid, 
Caruthersville to Memphis, and Commerce to Saint Louis Landing, lack 
only the topographical signs. 

The publication of a series of charts on the scale of 1 : 20000 has been 
decided upon and material for twenty of them and in part for thirteen 
more has been prepared. 

Work on the preliminary chart (1 inch to a mile) has been continued. 
Five sheets, extending from Rodney to Donaldsonville, have been drawn, 
and five sheets, extending from the foot of Island 97 to Jackson's Point, 
published. Three sheets are now ready for the printer, and two more, 
completing the series, will be ready early in January; and the entire 
series will be in print by the first of March. 

Miscellaneous. — Observations of the flood escape through crevasses 
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were again made at the last high water. The collection of reliable 
high-water marks has been continued. 

Especial attention has been given this year to obtaining correct data 
as to the depths on bad bars at low water. 

Experimental work at the discharge stations of 1883 has been re- 
daced. 

A financial statement and an authorized statement of expenditures 
from the appropriation act of March 3, 1883, appear below. 

The following papers relating to the work of surveys and examina- 
tions are submitted as appendices to this report : 

Appendix A, — Annual report of the secretary of the Commission. 

Appendix B. — Final results of precise leveling from Fulton to Chicago. 

Appendix C. — Reports upon the field work of topography and hy- 
drography. 

Appendix J), — Eesults of experimental w^ork at discharge stations. 

CONSTRUCTION. 

At the date of the last annual report, December 21, 1883, operations 
under this head were drawing to a close, the funds in the hands of the 
Commission being exhausted. Owing to their apprehension of damage 
to unfinished work during the high-water season, then near at hand, 
the Commission recommended to Congress an immediat-e appropriation 
of $1,000,000 to enable the work to continue during the balance of the 
fiscal year. Congress acted on this suggestion, and the sum asked for 
was appropriated by act approved January 19, 1884. Unfortunately, 
the relief came too late, as the river began rising rapidly in the latter 
part of December and remained at a very high stage, which finally cul- 
minated in the latter part of February in a flood of about the same 
magnitude as those of the two preceding years. The river remained 
high for a long period, and but little work could be done before July. 
The damage done to the works was, on the whole, less than might have 
been anticipated. The pile-dikes sustained much less injury than had 
been the case in former years, due no doubt to the improved methods of 
construction which had be^n adopted, but the revetment work, much 
of which had been left in an incomplete state, suffered severely. 

During the present season all damage has been repaired, the systems 
of pile-dikes have been strengthened and extended, and much revet- 
ment work of improved character has been carried on. The funds 
available will be about exhausted January 1, 1885, and although it is 
hoped and expected that by that time the season's work wiU be left in 
much better shape than heretofore, yet much more satisfactory results 
might have been secured had the appropriation for these works been 
more liberal. The caving banks within the reaches under improvement 
are very extensive, and the means at the disposal of the Commission 
have not hitherto been adequate to complete their protection. The 
caving of these banks has given serious trouble, necessitated many 
changes of plan, and in some instances has jeopardized the whole system 
of contraction works put in to control and deepen the navigation chan- 
nel. This danger will continue till these banks are secured, which will 
require considerable expenditure and should be completed in one season 
if possible. 

The marked improvement of low-water depth where works are being 
carried on, alluded to in last year's report, was again exemplified at the 
recent low water. Wherever the contraction works had been even ap- 
proximately completed the depths were nearly double those found on the 
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unimproved portions of tbe river in their vicinity. It seems as if this 
fact should settle all doubts as to the possibility of so improving the 
navigation of the river by the methods adopted by the Commission 
as to meet any reasonable requirement. The minor difficulties incident 
to the inception of any new work are fast disappearing as experience 
is acquired, and all that now seems necessary to make the work suc- 
cessful is that funds shall be supplied liberally and promptly. 

During the low-water season of 1883 not more than 6 feet of water 
was found through the l^ew Madrid and Memphis reaches, which lie, 
respectively, above and below that of Plum Point. The case this year 
was but little better. It would seem, therefoie, advisable to extend the 
work to these reaches as soon as possible, as sach a course would open 
to an improved navigation about 250 miles of river from Cairo down, 
or about one-fourth of the distance to New Orleans, and nearly one-half 
the total distance which requires extensive improvement. That such 
a result would be of great value to navigation cannot be doubted. The 
Commission have prepared plans for b< ginning work on these reaches, 
and will take them in hand as soon as the funds placed at their disposal 
will justify such action. They also deem it essential to the success 
of the work already done, and a necessary part of their plan of im- 
provement, that the revetment of banks which are caving with suffi- 
cient rapidity to endanger or embarrass navigation, should be at 
once undertaken and carried forward systematically beginning at 
Cairo and progressing down-stream, precedence in time being given 
to those places where the caving is most rapid or injurious. Through- 
out the portions of river lying between the reaches of bad naviga- 
tion are found many long stretches where navigation is now good, 
and which only need work of this character to keep it so, while at other 
points shoals exist which would probably disappear or become less 
troublesome if the banks were held and the river allowed to contract 
and deepen by natural agencies. The fixation of the channel is of the 
utmost importance in the plan of improvement contemplated by the 
Commission, as otherwise changes may occur from the caving of the 
banks which will destroy or render useless costly works of improve- 
ment, and, by causing fresh shoals where navigation is now good, render 
an indefinite extension of the work necessary. This work is conserva- 
tive in its nature, and cannot supersede the work already begun or pro- 
jected for the shoal portions of the river ; but it is an important adjunct, 
and, as much time will be required for its execution, there should be no 
delay in beginning it. The Commission have provided for initiating 
this work between Cairo and Memphis in the estimate which accompa- 
nies this report. 

By the terms of the last river and harbor act the Commission were di- 
rected to take charge of the improvement of the Mississippi Kiver be- 
tween the mouth of the Ohio and the Des Moines Kapids, upon which 
work has for many years been in progress under the Engineer Depart- 
ment, XJ. S. A. Projects for the season's operations were prepared by 
the officers in charge of the works, and, having received the approval of 
the Commission , are now in process of execution. Estimates for continu- 
ing these works are submitted. 

The names of a large number of harbors were inserted in the river 
and harbor bill, with a view to their improvement; but as the amount 
ajipropriated was lar short of the estimates of the Commission, they 
did not feel justified in taking up this work except at Memphis, where 
the act specified the amount to be expended, and at Vicksburg, where 
repairs were needed to work already done. The Commission have, how- 
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ever, prepared separate estimates for such work at these places as seems 
necessary to accomplish the objects proposed, and these estimates are 
fiabmitted to Congress for such action as they may deem proper, it being 
the desire of the Commission, if Congress decides that any or all of this 
work be undertaken, that they will specify the localities and the amount 
to be expended at each. 

WORKS ABOVE CAIRO. 

(Des Moines Rapids to montli Illinois River, 161 miles in length. Officer in charge, 
Maj. A. Mackenzie, Corps of Engineers, U. S. A., to September 1, 1884. Since that 
date, Capt. E. H. Ruffner, Corps of Engineers, U, S. A.) 

Headquarters, Quincy, III. 

The general plan upon which work in this district is in progress con- 
sists in closing all side channels by low dams, usually of brush and stone ; 
in contracting the width of the river, where excessive, by spur dikes of 
similar construction to the dams, and in protecting by brush mattresses 
covered with stone such banks as are subject to erosion. The object 
sought is to contract the low-water channel to a uniform width, and 
thereby increase its depth to about 5 feet at low water. This work has 
been in progress for several years and the general results have been good. 

Since this work came under the direction of the Commission, the 
dams opposite Quincy have been raised and repaired ; the shore of 
Buffalo Island, below the Louisiana Bridge, has been revetted and the 
dam opposite the foot of the island has been repaired. At the dam be- 
tween Brockaw Island and the Illinois shore the foundation for the dam 
has been laid ; the shore protection and the dam itself are in progress. 
An experimental dam composed of piles and sheet piling has been built 
between the Illinois shore and Island No. 421, opposite La Grange, Mo. 
There is also in progress a wing-dam half way between Canton and La 
Grange, shore protection at Bolter's Island, and a dam from this island 
to the adjacent tow-head. A contract has also been made for dredging 
Quincy Bay. All of this work has been much delayed and impeded by 
the high stage of water which has prevailed during the fall season. 

Work must soon close on the advent of cold weather, but will be re- 
sumed in the spring and prosecuted to the extent of the available funds. 

For details of work in this district see Report of Capt. E. H. Ruffner, , 
Corps of Engineers, U. S. A., Appendix K. 

(Month of lUinois to mouth of the Ohio, 241 miles in length. OfScer in charge, MaJ. 

O. H. Ernst, Corps of Engineers, XL S. A. ) 

Headquarters, Saint Louis, Mo. 

In this district also the work has been in progress for several years, 
under the Engineer Department, U. S. A. 

Above the city of Saint Louis, the only point where work is now in 
progress is at Alton Harbor, where a dike, built in former years to im- 
prove the depth of water at the landing, is being repaired and raised 
to a uniform grade of 14 feet above low water. On October 1, 1,680 feet 
had been finished, and the balance was well advanced, though work had 
been stopped by high water. It is expected that the work will be com- 
pleted in the spring. 

Below Saint Louis begins the general work of improvement ultimately 
intended to extend out to Cairo. The general plan of this work is sim- 
Dar to that adopted by the Commission for the Lower Eiver, and the 
methods employed are also similar. The plan consists essentially in 
narrowing the river to an approximately uniform width of 2,500 feet, 
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by building up new banks and reclaiming portions of the river bed by 
various silt-arresting devices. All banks exposed to erosion are to be 
protected by mattress revetment covered with stone. The plan thus 
outlined contemplates an ultimate improvement in channel depth that 
will give 8 feet between Cairo and Saint Louis at low water, and has 
been perfectly successful so far as carried out. 

Since this work passed under the charge of the Commission, but 
little has been accomplished, owing to the late date at which the neces- 
sary preparations were completed. It will be pushed henceforth as 
rapidly as possible. 

At Arsenal Island, the head of the island and the west side have been 
revetted for a distance of 1,283 feet. This work secures a stone revet- 
ment, previously placed there to protect the upper bank. The new 
work extends 300 feet above the head of the old work, and the upper 
bank over this extension has been riprapped, as also 100 feet on the east 
side of the island. 

At Horsetail, on the west side, the shore protection of stone has been 
raised from 6 feet to 21 feet above low water for a length of 1,150 feet. 
On the Illinois side two new hurdles, Nos. 27J and 29|, have been ex- 
tended an aggregate length of 1,415 feet, and nearly completed, while 
another new hurdle, No. 31, has been begun. There was not less than 
9 feet over this bar at the last low water. 

At Twin Hollows, on the west side, repairs to the primary hurdle and 
to secondary hurdles Nos. 1, 4, and 5 were begun and partly completed. 
This work has given very good results, there having been not less than 
9 feet in the channel at low water this season. The works require fur- 
ther extension, which can now be undertaken. At Twin Hollows, on the 
east side, the revetment of the Illinois shore is being extended. The 
mattress will be. 120 feet wide from low- water mark and extend 990feet 
along the bank. 

At PulHight the wattling of hurdle No. 5 has been comi)leted, and 
hurdle No. 4, 1,770 feet long, has been begun and partly finished. 

At Jim StniWs work has been confined to the reconstruction of the 
old hurdles and to putting new ones in the intervals. In all there are 
9 hurdles, which are well advanced. The least depth at this point was 
li feet. 

At Cairo, according to the requirements of the river and harbor bill, 
a revetment is being constructed back of the town. By the terms of 
the act this is to extend down-stream from the lower end of the revet- 
ment constructed in former years by the Government, and $50,000 is 
allotted for the purpose. This work is now in progress. The mattress 
revetment, 120 feet wide, extends around and between the stone dikes 
put in by the Cairo Land Company, and will be continued down stream 
as far as the funds allotted will allow. 

For details of work in this district, see report of Maj. O. H. Ernst, 
Corps of Engineers, U. S. A., Appendix L. 

WORKS BELOW CAIRO. 

FIEST DISTRICT. 

(Cairo to foot of Island No. 40, 220 miles in length. Officer in charge, Capt. J. G. 

D. Knight, Corps of Engineers, U. S. A. ) 

Headquarters, Cairo, III. 

This district includes the New Madrid Eeach, extending from the 
head of Island No. 8, 42 miles below Cairo, to the foot of Island No. 14, 
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a distance of 60 miles ; the Plum Point Eeach, extending from tbe head 
of Island No. 26, 147 miles below Cairo, to the head of Islaiid No. 35, a 
distance of 40 miles, and the harbors of Colambas and Hickman, Ky 

NEW MADRID REACH. 

No work has been done on this reach beyond preparing a plan for its 
improvement, which it is hoped may be soon put in execution, as the 
shoals have given much trouble during the last two low- water seasons. 

PLUM POINT REACH. 

No modification has been made in the general project as described in 
our last annual report, and work during the season has been in contin- 
uation of that project. 

The revetment at Ashport, Tenn., has not been extended during the 
season ; the old work is still intact. 

The system of contraction works at Gold Dust Point, designed to close 
the chutes behind Elmot Bar and Island No. 30, were not entirely com- 
pleted at the date of last report, and when the high water occurred 
there were gaps in the main dike and all the cross-dikes except the 
lower one, No. 5. Through thesse gaps the rising river poured with great 
velocity, carrying masses of drift, which finally proved too heavy for 
dike No. 5. This dike was breached, and some of the others were more 
or less damaged, the main dike being broken up for a length of 400 feet. 
Subsequently thi'se dikes were repaired and strengthened. Those gaps 
which could not be closed were mattressed to prevent scour, and the 
whole system has been prepared, as well as possible, to resist the attacks 
of another flood. The deposit obtained by this system of dikes has 
been very great, some 3,000,000 cubic yards in all. In many places this 
fill extends 30 feet above low water, and recent surveys show that at 
low water the chute below dike No. 5 would be dry. 

Opposite to the Gold Dust dikes the right bank, from Mill Bayou to 
Elmot's Landing, is caving badly. A revetment, 175 feet wide, for its 
protection, has been begun at Fletcher's Field, and a length of 4,930 
feet has been built, besides 800 feet of revetment of less width. The 
upper bank has been graded and revetted for a length of 2,000 feet. 
Some difficulty has been met with here from seepage water from the 
bank, which has a tendency to wash down the upper portion of the re- 
vetment. 

Of the system of works designed to close Osceolfi Chute, and to hold 
the tow-head, dikes Nos. 1 and 2 are in good condition. Behind No. 1 
the chute is now dry at a 10 foot stage, and a growth of willows has 
started over a large portion of the old river-bed. A gap in dike No. 3 
has been closed and general repairs made. This dike is now in good 
condition. The revetment on the upper tow-head, destroyed in 1882 
and 1883, has not been replaced. On the lower tow-head there was, at 
date of last report, 2.6(i3 feet of revetment 150 feet wide ; the upper 
bank was unprotectetl. This work was not resumed till August, 1884, 
when it was found necessary to build a narrow mat, 1,337 feet long, at 
the head of the work, to connect the old revetment with the shore. The 
upper bank has now been graded and 872 feet revetted with brush. It 
is expected to complete this work, as far as the sub-aqueous mat ex- 
tends, before operations close this winter. Osceola dike. No. 4, has 
been built this season. It was finally located below the foot of Osceola 
Bar to check a tendency to cut through into BuUerton Chute. This ob- 
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ject was successfully accomplished, thougli much difficulty was expe- 
rienced in the construction of the dike, which is 2,460 feet long. During 
the time it was building, the Arkansas shore caved badly and the chan- 
nel deepened to 50 feet; an offset in the dike was needed to pass this 
deep place. Since its completion large masses of drift have accumu- 
lated above the dike and a heavy till has taken place in its neighbor- 
hood ; this amounts to 15 feet in depth 100 feet below the dike. 

At Bullerton Tow-head at date of the last annual report the revet- 
ment of the river side lacked 600 feet of mattress, 2,700 feet of upper- 
bank protection, and much stone. This work has since been completed, 
and all weak places repaired. There have been several slides, due to 
seep water returning to the river, and attempts are being made to pre- 
vent this action by the construction of broken-stone drains to collect 
and carry off this water. The low-water channel having finally left 
Bullerton Chute, dike No. 1, across this chute, is about to be closed, 
and No. 2 dike has been begun. Both these dikes will be completed 
before the season closes. 

The dikes under Plum Point, designed to contract the channel be- 
tween Bullerton Tow head and Yankee Bar, have been extended 11,565 
feet during the year, and now aggregate 15,010 feet in length; 1,000 
feet more in length is required to complete the portion now authorized, 
after which no further extension will be made till all danger is over of 
the channel returning to Bullerton Chute. 

At Craighead Point the revetment of the right bank has been begun, 
but not much progress made ; 1,100 feet of mattress has been sunk just 
below the foot of Bullerton Tow-head. Its construction was attended 
with much difficulty, owing to the strength of the current encountered. 

During the low water of this season there were five channels through 
Bullerton Bar, two of which Jed into Bullerton Chute, and were cut off 
by the construction of Osceola Dike, ]S"o. 4, and the dikes in the chute 
itself; one channel ran along Plum Point and Yankee Bar, and was cut 
off' by the extension of the Plum Point dikes ; the other two were lo- 
cated, one against the river side of Bullerton Tow-head ; the other in 
the middle of the river. Much trouble was experienced at first from 
this great dispersion of the water, but as the contraction works were 
advanced and began to act, the Bullerton Tow-head Channel finally be- 
came the main one and gave 12 feet of water at the lowest stage reached. 
More or less trouble must be expected at this place till the contraction 
works can receive their full development and have time to act. The 
effect exerted by them in their present incomplete state leaves no doubt, 
however, as to the ultimate success of the work. 

Much revetment work remains to be done on this reach, both between 
Ashport and Craighead Point, and also in the vicinity of Island N^o. 26, 
where serious changes are threatened. The dike work is nearly com- 
pleted, and will mainly need watching and repair. 

COLUMBUS, KY. 

This is one of the harbors named in the river and harbor bill. The 
trouble here lies in the caving of the bank in front of the town. It is 
thought that the protection of 3,000 feet of bank will be required, which, 
at $20 per foot, will cost $60,000. To this must be added $20,000 
for plant, making a total estimate of $80,000. 

HICKMAN^ KY. 

This harbor is also named in the river and harbor bill, and the trouble 
is the same as at Columbus, Ky. It is thought that 12,000 feet of bank 
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will require protection, which, at $20 a foot, will cost $240,000. To this 
must be added $30,000 for plant ; making a total estimate of $270,000. 
For details of work in this district, see report of Capt. J. G. D. Knight, 
Corps of Engineers, U. S. A., Appendix F. 

SECOND DISTRICT. 

(Fo6t of Island No. 40 to mouth of White River, 180 miles in length. Officer in 
charge, Maj. A. M. Miller, Corps of Engineers, U. S. A., till September 1, 1884 ; since 
that date, Capt. C. B. Sears, Corps of Engineers, U. S. A., temporarily.) 

Hbadquabters, Memphis, Tbnn. 

In this district are included the Memphis and Helena reaches, the 
first extending from the foot of Island No. 40, 220 miles from Cairo, to 
Scanlan's Landing, a distance of 27 miles, and the second extending 
from Commerce Cut-off, 270 miles from Cairo to Friar's Point, Missis- 
sippi, a distance of 65 miles. 

The first reach embraces Memphis Harbor. 
I 

MEMPHIS HARBOR. 

The revetment in front of the city, which has been built at various 
periods since 1878, and which has heretofore given much satisfaction, gave 
way during the flood of 1884 at several points, and caused the destruc- 
tion of much valuable property. Much alarm was felt in the city, and 
Congress directed the expenditure of $200,000 in renewing the protec- 
tion. Surveys have shown that the trouble was due to the caving in 
Hopefield Bend, and the great growth of the bar opposite the town, up- 
wards of 750 feet in two years. Both these influences combined to push 
the deep water against the town front and to cause a severe scour of 
the river bed. This undermined the revetment and caused its failure. 
As soon as possible orders were given to start the work, using mat- 
tresses 300 feet wide instead of 120 feet, the width of the old ones. The 
first attempt to sink these wide mattresses failed, the mattresses pulling 
to pieces under the heavy strain ; later reports, however, indicate success* 
Meanwhile a narrow mattress, 150 feet wide, has been carried from a 
point 500 feet above Wolf River, across that stream and along the city 
front, a total distance of 3,925 feet. The wide mattress will be laid on 
top of this narrow one. The upper bank is being graded and covered 
with stone. 

This revetment must be carried along the whole city front to insure 
its safety, and an estimate of $75,000 for its completion accompanies 
this report. 

MEMPHIS REACH. 

Work on the reach has been confined to the revetment of Hopefield 
Bend, immediately above the city of Memphis. At the date of our last 
report 6,700 feet of mattress was down, and 4,100 feet of upper bank 
protection completed. Before the high water set in this had been in- 
creased to 10,400 feet of mattress, made and sunk, and 5,700 feet of 
upper bank protection. The mattresses were 140 feet wide. During 
the flood the bank caved badly, where the upper bank had not been 
secured, and this portion of the revetment was lost. The remainder 
sustained some damage from the seepage of water from the bank after 
the subsidence of the flood. It is hoped to repair and complete this 
work during the coming season. 
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Plans have been prepared for the improvement of this reach, which 
the Commission desire to undertake as soon as funds will allow, the 
bars in the immediate neighborhood of Memphis having been vei*y 
troublesome both in 1883 and 1884. 

• 
HELENA REACH. 

No work has been done on this reach during the season. 
For details of work in this district see report of Capt. 0. B. Sears, 
Corps of Eng:ineers, U. S. A., Appendix G. 

THIRD DISTRICT. 

(Mouth of White River to Warrenton, 220 miles in length. OflBcer in charge, Capt. 
W. L. Marshall, Corps of Engineers, U. S. A., to April 21, 1884 ; since that date, Capt. 
C. B. Sears, Corps of Engineers, U. S. A. ) 

Headquaktebb, Memphis, Tsmn, 

In this district are included the Choctaw Eeach, extending from Cork's 
Point, Arkansas, 422 miles below Cairo, to Arkansas City, ArR., a dis- 
tance of 31 miles ; the Lake Providence Keach, extending from Caro- 
lina Landing, 530 miles below Cairo, to the foot of Island No. 95, a dis- 
tance of 35 miles, and the improvement of the harbors of Greenville and 
Vicksburg, Miss. 

CHOCTAW REACH. 

No Trork has been done on this reach during the season. 

LAKE PROVIDENCE REACH. 

The work on this reach during the past year has been in continuation 
of that outlined in our last report, the only new work being the cotton- 
wood system of dikes. 

In Louisiana Bend two detached pieces of revetment, the upper 1,600 
feet and the lower 2,000 feet long, had been built at the date of our last 
report. Of these, the upper piece is safe, the lower one was flanked by 
the river, and now lies on the bottom. The work has been vigorously 
pushed this fall, 14,000 feet having been completed, including the grad- 
ing and protection of the upper bank. The holding of this bank is of 
the greatest importance, as its recession throws the whole force of the 
current against the Duncansby system of dikes on the opposite side of 
the river. The river is still encroaching on these works, and will con- 
tinue to do so until the caving above is stopped. 

Work on the Duncansbj' system has been confined to repairs of dikes 
that had been damaged during the flood, and to the completion of the 
dike on range No. 36. 

So far, these works, which are designed to keep the river out of Skip- 
with's Chute, have successfully accomplished this object, and the silting 
up of the chute is steadily progressing. 

In the Mayersville system the cottonwood system of dikes has been 
built this season. They were designed to close a channel which was 
developing along the Louisiana shore, near Cottonwood Point. This 
object has been successfully accomplished, and the dikes are in good 
order. Their total length is 8,527 feet. 

In Mayersville chute the heavy five-row cross-dike was breached for 
a length of 125 feet by the pressure of drift. This gap has been closed 
and more cross dikes are being constructed farther down the chute. 
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The caving of the Mississippi shore above the head of the chute and 
the general movement of the deep water towards Mayersville Island, 
has caased tbe destraction of most of the longitudinal dike across the 
head of the chute. This, however, is not of much importance, as the 
dikes in the chute are sufficient for the purpose intended. 

The revetment on the outside of Mayersville Island has been kept up, 
though with much difficulty on account of the sandy character of the 
soil. It will have to be held by constant work till the river outside has 
adjusted itself to the new conditions. 

The Baleshed system of dikes is in good order and has given excel- 
lent results. Foot mats were put in at the head of the system last win- 
ter, and a high dike has been constructed behind the original low lon- 
gitudinal dike, between cross-dikes 1 and 6. Repairs have also been 
made to cross-dikes 3 and 4, and to the main dike below No. 6. Two 
or more additional cross-dikes are required in Baleshed chute to break 
up the fall, which is now excessive. A cross-dike 2,000 feet long has 
been built above Stack Island, and the main dike, from this cross-dike 
to the head of the island, has been strengthened. Very great deposits 
have been induced by this system of dikes, and the head of the work 
is now dry at a half stage. 

The Hopwell system of dikes has not required attention during the 
year. 

The excellent low-water depths reported last year throughout this 
reach prevailed again during the recent low water; 15 feet was the least 
depth found on the reach, which was 6 or 7 feet more than was availa- 
ble for 40 miles above or below. 

VICK8BURG HARBOR. 

No work was done during the year on the inner harbor and none is 
proposed. Recent surveys show that no changes of importance have 
occurred. 

At Delta Point, on the opposite side of the river, the revetment has 
required repairs, and has been extended down-stream 800 feet. The 
Commission are of opinion that further repairs and extension will be re- 
quired, and submit an estimate of $20,000 for this work. 

GREENVILLE HARBOR. 

A survey of this locality has been made. The trouble lies in the 
rapid caving of the river bank in front of the town. For its protection 
$136,000 will be required, in addition to the necessary plant, which will 
cost $50,000, making a total estimate of $186,000. 

For details of work in this district, see report of Capt. O. B. Sears, 
Corps of Engineers, TJ. S. A., Appendix H. 

FOURTH DISTRICT. 

(WarreDton, Miss., to head of passes; 484 miles in length. Officer in charge, Maj. 

Amos Stickney, Corps of Engineers, (J. S. A.) 

Headquarters, New Orleans, La. 

• 

This district embraces the improvement of the harbor of Natchez 
and Vidalia ; the deflection of the waters of Red River from the Atcha- 
falaya, and keeping open a navigable channel through the mouth of the 
Red River into the Mississippi River; a lock at Bayou Plaquemine, 
and the improvement of New Orleans Harbor. 
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NATCHEZ AND VIDALIA. 

A recent survey of this locality shows that the caving, in Giles and 
Marengo Bends, still continues but that it is most rapid and dangerous 
at Palo Alto Point, just above Vidalia. In all 65,000 feet of bank re- 
quires protection. Major Stickuey,in his report (Appendix I), proposes 
to begin the protection at Palo Alto Point, using submerged spurs, such 
as are now being tried at New Orleans, and should the method be suc- 
cessful he proposes to extend it so as to cover the whole caving bank. 
The estimate for the work, on this basis, is $600,000, to which must be 
added $100,000 for a levee along Cowpen Point, designed to stop the 
flow of water across this neck in time of flood, which now seriously 
threatens the formation of a cut-off. The t/Otal estimate therefor, ac- 
cording to the plan proposed, is $700,000. If the spurs should not prove 
successful and mattress revetment be required, the cost would be at 
least double. 

DEFLECTION OF THE WATERS OF RED RIVER FROM THE ATCHAFALAYA, AND KEEP- 
ING OPEN A NAVIGABLE CHANNEL THROUGH THE MOUTH OF THE RED RIVER TO 
THE MISSISSIPPI. 

Under the recommendations made in the last annual report, and 
allotment made by the Commission from the annual appropriation, at 
the approach of low water operations with dredge-boats were renewed 
in Old Eiver, with the view of keeping open navigation from the Red 
to the Mississippi River. The details of the work and the success at- 
tending it are fully described in the report of Maj. A. Stickuey, Corps 
of Engineers, U. S. A. (Appendix I), to which reference is made. * 

During the execution of such permanent plan as may be adopted for 
the improvement of this vicinity, ic maybe annually necessary to resort 
to this temporary method of relief to navigation. The subject of per- 
manent treatment is discussed elsewhere in this report. 

NEW ORLEANS HARBOR. 

At date of last report a mattress 400 feet in width was being laid in 
Oarrolton Bend. Owing to delays in receiving material the rising river 
forced a suspension of operations, when 470 feet of this mat had been 
completed and sunk, and the work has not been resumed, owing to the 
more pressing necessity of protecting the bank in Gouldsborough Bend. 
Here the protection will consist of a series of sloping, submerged spurs, 
so designed and located as to move the current of the river away from 
the bank to be protected. These spurs rest on a mattress 200 feet wide 
and 350 feet long, laid on the bed of the river and normal to the bank^ 
beginning at low-water mark. The spurs themselves are built up of 
timber cribs, filled with brush and loaded with stone. The width of the 
structure at the bottom is 60 feet, which diminishes by steps to 20 feet 
at the top, the size and arrangement of the cribs being such that the 
top of the finished structure will have a slope of 1 vertical to 3 hori- 
zontal from low- water mark to the bed of the river. The distance apart 
of the spurs will vary from 500 to 1,600 feet, according to the curvature 
of the banks. One spur is now well under way, and two more will 
probably be nearly completed with the funds now available. 

The work is experimental, and its efficiency can only be determined 
after the subsidence of the next flood. The estimate for continuing 
this work and for completing the revetment in CarroUton Bend is 
$683,600. 

For details of work in this district, see report of Maj. Amos Stick- 
ney. Corps of Engineers, U. 8. A., Appendix I. 
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PLANT AND GENERAL SERVICE. 

Plant in use in the several districts and in the general service during 
the time covered by this report : 

Owned by the Government. — Two hundred and thirty-six barges, of 
which 30 were borrowed from the Missouri River Improvement; 47 
quarter boats, 21 mattress boats and ways, 84 pile-drivers and hulls, 7 
dredges and hydraulic graders, 6 dump-boats, 3 derrick-boats, 2 pump- 
ing-boats, 8 screen boats, 9 docks, store and wharf boats, 5 machine and 
carpenter shop boats, 23 small flats, coal flats, and shells, 137 yawls and 
skiffs, 5 steam launches and tugs, 13 steam tow-boats, and quarters and 
shops at depots on shore. 

The estimated value of the above September 30, 1884, was $1,276,000. 

Chartered. — Fifty barges and 8 steam tow-boats and launches ; the 
estimated value of which is $328,000. 

The estimated value of the whole plant in use during the year is 
$1,604,000. 

The general service of purchase, supply, and towing for the districts 
and the construction of plant was in charge of Oapt. G. B. Sears, Corps 
of Engineers, secretary of the committee on construction, from Kovem- 
ber 1, 1883, to April 10, 1884, when he was transferred to the charge of 
the third district. The report of operations for the general service is 
presented by his successor, Gapt. J. H. Willard, Gorps of Engineers, to 
which reference may be made for details. (See Appendix E.) 

Levee construction, — Under the allotment of $200,000 from the last 
annual appropriation the repairs of levees in the second, third, and fourth 
districts were continued. AH information concerning this work is de- 
tailed in the reports of the executive officers of the above districts (ap- 
pendices G, n, and I), and in the report ot the board of district officers 
(Appendix M), to all of which reference is made. 

LEVEES AND OUTLETS. 

The difficulties of navigation on the Mississippi River below the mouth 
of the Missouri at no time arise from want of volume. 

During the flood stages the supply is, of course, ample ; and it is 
equally true that if the volume of discharge of even the lowest stages 
were constant, it would develop, in time, a sufficient channel for navi- 
gation. 

Where the increases of width and area of section have become so ex- 
cessive as to have seriously impaired navigation, scour and fill are less 
the result of absolute velocity than of the relative velocities in adjacent 
sections. In such cases the narrow and deep parts have greater areas 
of section, and therefore lesser velocities in the lower stages ; while the 
wider and bar-obstructed sections at that period have lesser areas and 
greater velocities. At higher stages this relation is reversed. 

An increment to the bars accompanies the flood because in the sec- 
tions where they form there is greater area and less velocity than in the 
pool sections above. This sulyect is discussed by Mr. R. E. McMath 
(Report Mississippi River Commission, 1881, Appendix K, p. 242). 

This condition is not a necessary result of the flood in a regulated 
river, but rather of those irregularities of the water-way, the correction 
of which constitutes an essential part of the plan of improvement pro- 
jected by the Gommission. With equal widths there should be no such 
interchanges of velocity at adjacent sections in high and low stages, and 
no differences of depth and area except at reversion points, where less 
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resistance makes lesser sectional dimensions equally efficient. A cer- 
tain result of such uniformity of the elements of area as has always been 
insisted on by the Commission will be the correction of this local* bar 
buildiug by the flood. 

To this bar growth at high stages there is a logical limit. When it 
has progressed far enough to maintain, by contraction, the velocity of 
approach from above, it necessarily ceases. This is true as long as the 
volume of discharge finds no other means of escape outside the bed of 
the stream. But when such opportunity is afforded, the bar growth is 
unchecked as long as a line of less resistance is open through the out- 
let. In the case of a cut-off the entire river is deflected in the direc- 
tion of the increased slope, through the new bed, and within a year or 
two the abandoned channel is entirely closed. 

Now, "when we consider that the slope of the river along its proper 
course averages scarcely one-third foot to the mile, while the banks 
slope away from the river 4 to 10 feet to the mile, it is easy to see to what 
an extent, during floods, the river is tempted to change its course," and 
that in such proportion as this temptation prevails, an effect similar to 
that of a cut-off in building a bar across the depleted channel is pro- 
duced. 

As the direction of the surface slope affects the direction of the thread 
of motion of the stream to all depths, so in case of both cut-off' and cre- 
vasse the stream is turned, involving a loss of power in the impact against 
the bank; continuity of motion is broken, velocity is reduced, and a 
source of bar-formation is introduced. In the case of the crevasse, by 
the loss of volume, loss of velocity and ultimately of section is also in- 
curred. 

All plans proposed for the improvement of the river have for a com- 
mon aim the establishment of uniform conditions at the same stages. 
As these conditions are interdependent, the securing of any one will 
tend to bring about the others. Thus uniform section will give uniform 
mean velocity, which in turn will induce greater uniformity of channel 
depth at any given stage. But, as an element of uniform section, the 
importance of uniform width by itself as a factor in producing uniform 
velocity is lessened so long as the escape of water from and return to 
the river, over banks varying 20 feet in height, as referred to the flood 
slope, allow inequality of flood velocity and depth as great as results 
from the present unequal widths. 

Variation of discharge, at the same flood stage, in alternating parts 
of the river, from 1,000,000 to 1,600,000 cubic feet per second is as much 
an obstacle to stability of regimen as the existing difference of width ; 
and improvement is only attainable by the control of both the area and 
discharge. 

Uniformity of bank grade, therefore, as an element of uniformity of 
section and velocity and channel depths, assumes the same importance 
as uniformity of width, and should be extende«l and maintained over 
the entire length of the alluvial river. 

The present grade of the banks with reference to its earlier and nor- 
mal conditions is discussed in Appendix F, page 122, Report Mississippi 
Eiver Commission, 1881. The levees as heretofore built, or as now 
recommended, cannot justly be considered as superimposed on, or added 
to, what would have been the bank height when carried unchecked to 
its natural limit; but as establishing, by artificial means, a grade which 
the river in the free exercise of its functions is ever seeking to attain, 
and to which, under normal conditions, it has api^roxi mated. 

All observations bearing on this subject made by the Commission 
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sustain these views. In 1862 a break known as " Cubitt's Gap " occurred 
in the left bank of the river, about 4 miles above the head of the Passes. 
It rapidly enlarged until its section was about 34 per cent, that of the 
main river. The locality was surveyed in 1868, 1872, 1876, 1876, and 
1877 by the United States Coast and Geodetic Survey. So we have a 
full physical history of the changes, which are thus stated by Mr. Marin- 
den, assistant in charge of the surveys : 

Alfbticeable feature in front of the "^ap" and one which in a great measure mnst 
be traced to it as its cause, is the formation of a flat on the west bank as shown by the 
deep contours — the 24-foot curve more especially. Starting at a point on the west 
shore, 3,000 feet above the " gap," where all the curves run parallel to the shore, and 
the 24-foot curve is 260 feet from the 3- foot curve, which I have taken as the refer- 
ence for convenience, being smoother than the shore-line, although running parallel 
to it, the 24-foot contour abruptly juts out towards the center of the river, till oppo- 
site the north point of the "gap" it is 820 feet from the 3-foot curve ; then following 
down-stream and opposite the south point it is 920 feet; then after passing the open- 
ing of Cubitt's Gap it retreats toward the shore-line, so that about 2,000 feet below the 
south poini it is 760 feet; 4,000 feet below it is 720 feet off, and 8,000 feet below the 
** gap " it is only 500 feet off, uotwithstandiug the gradual expansion of the Mississippi,, 
which at the upper limit is 3,720 feet wide, and at the lower limit, 8,000 feet below 
the " gap," it is 4,815 feet in width, as measured between the 3-foot curve of each bank. 

From the south point for a distance of about 1,300 feet down-stream, the two sur- 
veys compared are one of 1866, and the other 1876, which give a mean shoaling of 1.6> 
feet in the ten years, or 0.16 foot per year. 

From the above-mentioned limit, 1,300 feet below the south point of "gap" to 
Cubitt's House, we have two surveys for comparison, one executed in 1866 by Assist- 
ant Gerdes,and the other by my party in 1877, giving an interval of eleven years ; 
over this space there has been a mean shoaling of 3.9 feet, or 0.35 foot per year. 

From Cubitt's House to the Head of the Passes, including all the space now covered 
by the works for the improvement of the channel-way into South Pass, we have two 
surveys again ; one of 1866 by Assistant Gerdes, and one done under my direction in 
1875 by Snbassistant Braid. These surveys show a decrease in depth of 3.6 feet in 
nine years, or 0.4 foot each year. Where, however, the present jettied channel into 
South Pass is located there has been a decided deepening. 

A subsequent survey, under the direction of the Commission, indi- 
cates the continued progress of this deterioration of the channel, which 
already threatens serious consequences to the maritime commerce of New 
Orleans. 

The great loss of section, extending many miles below Malone's, Kiv- 
erton, Bolivar, and Mound Place, and consequent upon these crevasses 
in 1882; and also the enlargement of the low-water section below Bon- 
net Oarr6. caused by tlie closing of this crevasse in the same year, were 
fully described in the last annual report of the Commission (1883, p. 
16, and Appendix D, part 4, p. 171). 

That such results are not only local but cumulative — throughout long 
reaches — is also indicated by observations. The guage records of flood 
heights, and the knowledge of facts connected with them, are not ex- 
tended or complete enough to possess full authority. But if Memphis 
and Natchez are respectively selected as locations characteristic of un- 
leveed and leveed fronts, and the existing record at each point divided 
into two parts covering equal time periods,- and the means compared, 
it shows that the floods along the unleveed fronts have become greater 
during the latter half of the time covered by the record, while for the 
same relative time along leveed fronts they have been less. As there is 
no doubt of the increase, during this time, of one factor of sectional 
area — width— any tendency to greater flood, heights along unleveed 
fronts means a more than proportionate decrease of the depth. The re- 
verse of this is the apparent inference along the leveed front. 

These two points, Memphis and Natchez, have been selected as fairly 
representative, having the longest records (57 and 82 years, respectively )y 
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and being least affected by conditions not under consideration. An ex- 
amination of the adjacent gauge records does not conflict with the infer- 
ence drawn from those cited. 

Again, the greater oscillation between high and low water at the 
mouth of the tributaries than at intermediate points has long been 
observed. It; is presented here in tabulated form for the gauge stations 
at the mouths, and one intermediately located. It is represented graph- 
ically for all gauge stations in Plate No. 1. 



Looation. 



Cairo, month of Ohio . . . 

Fulton, intermediate 

Helena, mouth of Saint Francis 

llalone's, intermediate 

Mouth White River 

Lake Providence, intermediate. 
Yickfibar^, mouth of Yazoo. ... 

Natchez, lutermediate 

Month BedKiver 





Mean of 


Extreme. 


laet Ave 




years. 


63.17 


43.48 


34.55 


80.13 


47.20 


3&67 


34 05 


33.91 


48.40 


40.06 


40.90 


32.91 


51.10 


39.85 


50.30 


3&04 


48.50 


39. 31^ 



These differences of relative level have generally been attributed to 
abnormal local flood elevations, caused by increase of volume at the 
mouths of the tributaries. The reverse of this is the truth. The dif- 
ference is in the extreme fall and not in the extreme rise at these points. 
The bed of the river has adjusted itself to the annually recurring de- 
mands of the discharge by increasing its depth where they are greatest, 
and diminishing it where the discharge is dissipated by successive out- 
lets. 

It will be noted that, while by far the greater part of this difference 
of oscillation is in the depression of low water, yet there is some trace 
of abnormal flood-height. As the average considered includes three 
of the greatest floods on record, this would partially disappear were 
the term of years extended. 

As the low water surface closely conforms to the controlling bars, it 
seems obvious that any such general elevation or convexity of bed as is 
found between the tributaries must make these bars more prominent 
and obstructive to navigation. Between the Yazoo and the Red rivers 
where levees have been comparatively well maintained, giving uniformity 
of bank height and discharge, this irregularity of low-water slope does 
not recur, and the navigation is three or four feet better. 

Since such levees as have been built have never restrained the higher 
floods in safety, it cannot be expected that the *^ closing of existing 
gaps '' will suffice to restrain volumes greater than those which have 
heretofore overwhelmed them; or to fairly test the principles upon 
which the recommendation of levees by the Commission is based. They 
must be higher, stronger, ^nd more continuous than they have hereto- 
fore been built. 

The grade of levees for the improvement of navigation should be at 
least the normal height of the bank of the river, or the height to which 
the bank would be built by such floods as recur with sufficient fre- 
quency to exert an appreciable influence in bank building or enlarge- 
ment of water-way. This grade is approximately indicated by points 
on or near the margin of the river, well above general overflow, where 
deposit has been carried to a natural limit, unchecked by swift currents, 
and undisturbed by caving. This grade should be supplemented by 
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sncb additional height as will protect it against frequent injury or de- 
struction. 

Preparations must also be made in the grade for such increase of 
flood elevation as will at first and during the period of readjustment en- 
sue from the introduction of greater volume between levees, when made 
more continuous. It is not possible to predict at present to what this 
will amount, and it is probable that an exact conclusion will only be 
reached by experience. 

There are variables entering into the problem so subtle as to require 
additional investigation and study. This is now being given. Numer- 
ous observed facts indicate that guage heights for great discharge 
cannot be predicted by extending the curves constructed at low and 
medium stages with these elements as co-ordinates. 

Many of the discharge curves of the observations of 1881-'82 and 
other years show great irregularities in this respect. 

The high-water curve plotted on Plate I is of remarkable symmetry, 
while the breaks in the low- water curve, to which the profile of the bed 
conlorms, are greater and more abrupt. The imprint of the flood's 
power is on the bottom aud not on the surface. The slope has proved 
more inflexible than the bed. The capacity of the river has increased 
as the discharge. 

This indicates that increment of volume will not be piled on top of the 
present flood heights, and that flood slopes cannot be changed over long 
distances from .25 to .75 per cent. The material of the bed does not pos- 
sess stability under the frictional resistance which such increased slopes 
would indicate. Indeed, the impossibility of maintaining a slope greater 
than the average is indicated in the promptness with which slope is 
readjusted at every cut-off, where within a few hours the process of 
distribution is evident for very long distances, both above and below. 

It is believed, to the contrary, that if an increase of .50 to .75 of the 
discharge can be arbitrarily aud repeatedly withdrawn from and re- 
injected into the bed with very slight slope disturbance, it can be re- 
tained throughout the entire course of the river, and that even the 
maximum present discharge, by careful and judicious engineering, can 
be yet further safely increased, without ultimately raising the flood 
plane. 

The following tabulated extract from Plate "No, I compares high and 
low water slopes between the tributaries and a single intermediate sta- 
tion: 



Location. 



Cairo to Fulton 

Fnlton to Helena 

Helena to Malono's 

Malone's to White River 

While River to Lake Providence 
Lake Providence to Vicksburg . . 

Vicksburg to Natchez 

Natchez to Red River 



Slopes per mile. 


High 


Low 


water. 


water. 


.435 


.360 


.426 


.490 


.400 


.302 


.327 


.490 


.327 


.278 


.276 


.398 


.291 


.277 


.194 


.218 



It is assumed that no argument is here needed to attest the practica- 
bility of a levee system. It is thoroughly established by a large expe- 
rience that faithfully constructed levees, of sufficient proportions and 
age enough to have settled and become sod-covered, will resist any 
pressure. Of 149 breaks in the Yazoo front in 1882, 147 were caused by 

H. Ex. 64 2 
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water running over the levees and eroding the rear slope. Caving of 
banks destroys far more than all other causes combined ; but such loss 
will be reduced ns caving is prevented, and permauence of bank will 
make the maintenance of levees of inconsiderable cost. 

We therefore conclude that levees, such as have been herein de- 
scribed, are, in connection with an equalization of width and the pre- 
vention of caving, an important part of any general and systematic plan 
for the improvement of the navigation and the prevention of destructive 
floods ; and we do recommend the construction of new and raising of 
existing levees along all parts of the river where the highlands are too 
remote* to check the passage of large volumes of flood water outside the 
bed of the river; or, in other words, on the entire right and also on the 
left bank below Baton Kouge, and from the Yazoo Eiver to Horn Lake, 
below Memphis. 

As this recommendation extends to levees below Ked River, where 
excellent facilities for navigation now exist, special reasons therefor 
seem necessary. It is not important here to repeat at length the prin- 
ciples on which are formed the regimen of a river so strictly alluvial as 
the Lower Mississippi. It has already been stated in the discussions of 
the Commission that the dimensions of the river are of its own creation ; 
that a larger volume collected in one bed is discharged with less 
friction, other things being equal, and therefore with less slope, and 
more beneficent results to navigation and riparian interests; while sub- 
division of volume, on the contrary, meets proportionately more resist- 
ance in each minor channel, and therefore requires more slope. 

It follows from this law that every step in the improvement of the 
river, including its delta, which begins at the junction of the Missis- 
sipi)i aud Atchafalaya, should be in the direction of the assembling of 
its many outlets into one channel, while subdivision in passes or dis- 
persion through crevasses is a grave error. 

Besides these general reasons, there are others, local in character but 
of great importance, which will appear on examination of the physical 
condition of this region why the work of improvement should include 
this part of the river. 

As has just been said, the point where the Atchafalaya diverges from 
the Mississippi is the true head of the delta, of which the Mississippi^ 
Atchafalaya, and Lafourche are the only remaining passes or natural 
outlets. The capacity of discharge of neither of these channels is nor- 
mally equal to that of the river above, just as in the subdelta neither 
the South or Southwest Passes or Pass ^ POutre has the capacity of the 
river above their joint head. But it is known that the Mississippi and 
Atchafalaya together cannot now discharge the volume of a great flood 
without disastrous overflow in the region they traverse. 

Thus, in 1882, the total flood discharge from the drainage basin above 
the head of the delta reached 2,200,000 cubic feet per second, divided 
approximately as follows: Down the Mississippi, 1,450,000; through 
the Tensas Basin as overflow, 500,000; and down the Eed and Black 
rivers, 250,000 cubic feet per second. Of this, 1,595,000 escaped down 
the Mississippi below Red River, and 281,000 down the Atchafalaya* 
The balance of 324,000 cubic feet per second entered neither stream, 
but escaped broadcast, to the Gulf, over the country. 

The redistribution of a similar flood discharge, as effected by the 
completion of the levees above Red River, would be 1,950,000 from the 
Mississippi and 250,000 from the Red and Black. 

Under these circumstances, one of two results is inevitable, and either 
would necessitate precautionary work. 
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In the first case the volume discharging down the Mississippi below 
Bed River would be largely increased. This would require the temporary 
raising and strengthening of the levees on that part of the river. In the- 
other case the water which now escapes in floods through crevasses in the 
Tensas front and returns in part to the Mississippi through Old River 
would reverse this movement if kept in the Mississippi, and would seek: 
the lower levels of the Red and Atchafalaya through Old River withi 
such force as not only to arrest the filling which now annually occur* 
in this channel, but also to deepen it and connect the deep water in the- 
Mississippi with that in the Atchafalaya. This must be prevented at; 
all hazards by work preceding the exclusion of flood water from tber 
Tensas Basin. 

These discharges of the Mississippi and Atchafalaya (respectiveljr 
1,595,000 and 281,000 cubit feet per second) are maintained for but 
a very short distance from the junction. Their capacity is rapidly 
reduced as they descend by repeated loss of volume over insufficient, 
levees. Thus, while the Mississippi has a capacity at the gauge just 
below the mouth of Red River of about 1,500,000 cubic feet per second,, 
at Carrollton, just above New Orleans, it doei^ not exceed 1,000,000, as; 
established by the following gaugings and computations : 

Cubic feet. 

1851, Humphreys aod Abbot 1,152,000. 

1858, Humphreys and Abbot 1,188,000' 

1880, Mississippi River Commission 987, 000^ 

1881, Mississippi River CoramissioD 79*2, 000^ 

1882, Mississippi River Commission 921, 00^ 

1883, Mississippi River Commission 1, 079, 000» 

The surplus power of the flowing water is wasted over and throughi 
levees notsuflicient in grade or strength to convert it into work. They 
oiler less resistance than the bed of the stream. Thus, in 1884, the dies- 
charge at Red River gauge was upwards of 1,400,000, and at OarroUtoik 
about 1,000,000 cubic feet per second, while between were the following: 
crevasses : 

Cubic feet. 

Morganza 211,00(i' 

Waterloo 46,000^ 

Bel Air 14,000^ 

Guidry's 3,000 

Davis 140,000 

Total 414,000 

Similar breaks occur whenever the discharge past Red River gauge 
largely exceeds 1,000,000 cubic feet per second. It is literally true that 
these levees are awash in every flood of magnitude fpr hundreds or 
miles. For long distances the waves Irom storms and steamboats over- 
run them, and a continual outflow is only prevented in many places by 
boards set on edge and sand-bags. It is, therefore, impossible safely to- 
increase the slope even by a few inches in 300 miles, and without this, 
the velocity cannot be increased nor the resistance diminished. 

The mere introduction of additional volume into the upper end of at 
channel is not a practical compliance with the principles underlying 
the plan of the Commission. The condition of affairs just described has- 
beeu substantially unchanged for upwards of fifty years — since the ex- 
tension of levees up to Red River — and yet the volume discharged past, 
that point, and recurring approximately with every flood, has not 
wrought out for itself below, in these many years, a sufl&cient water- 
way. It has run vagrant over the fields, rather than work. The rer- 



^ 
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fitraint and concentration of the present supply of energy logically pre- 
cedes its increase. Without this, additional volume only means waste 
of power and disaster from overflow. 

While the enhirgement of any outlet, natural or artificial, should be 
promptly and finally arrested, the levees from Red River down should 
be sufliciently raised and strengthened to restrain and apply eftectively 
such power as resides in the mass of water now necessarily discharging 
and to be discharged between them before greater servitude is imposed, 
otherwise the treatment of the river becomes merely local, of partial 
measures inconsistent with a general plan and general improvement. 
Such a plan must protect any and all parts of the river against the 
direct consequences of its application to other parts by providing for 
the safe conduct to the Gulf of a more rapid discharge of the volume 
flowing from above. 

Therefore, it is the opinion of the Commission that the building of 
levees for the improvement of navigation in the obstructed portion of 
the river cannot proceed indefinitely without involving damages to the 
proprietary interests below; and if this portion of the improvemert to 
navigation is to proceed, provision must be made for strengthening and 
raising the levees in the lower portion of the river where navigation is 
now good. 

This recommendation is not based on conditions which will be contin- 
ually increasing or even permanent. Ko reason is apparent why the 
law that a larger volume of water flows through a bed adjustable by its 
own forces to its own needs, with less resistance and slope, should not 
ultimately be fully operative here. 

During the transition period unquestionably the increase of work will 
be indicated by increase of slope, which will disappear as the equilib- 
rium is re-estal3li8hed. 

The following general order is believed to be judicious in the comple- 
tion of a levee system. As its object is generally to enlarge the water- 
way, a common sense analogy is found in the homely art of ditching. 
It i^hould begin at the lower end. Each bottom, the Manchac, La- 
fourche, and Atchafalaya, constituting Lower Louisiana, the Tensas, 
Yazuo, White, and Saint Francis, should be inclosed in order, from be- 
low upwards. 

In each bottom, as it is reached in the foregoing order, the most im- 
portant levees, as restraining the greatest escape of water, should be first 
constructed. 

RECTIFICATION OF RED AND ATCHAFALAYA BIVERS. 

The situation at the mouth of Red River is one which has engaged 
the attention of the Commission from the beginning of its work. The 
subject has been discussed in some of its aspects in former reports, but 
the formulation of a complete and comprehensive plan has been deferred 
fi-oui time to time for the sake of the advantages to be gained by further 
observation, experience, and study. After full consideration of the 
matter the Commission is now prepared to present a plan for the treat- 
ment of this very difficult problem which is believed to meet all the 
requirements of the situation, and to be in point of practicability, safety, 
AUid economy the best that can be devised. 

It is considered that any plan for this work ought to comprehend the 
prevention of the divergence of the Mississippi River into the Atcha- 
falaya Basiii, the closure of any depleting outlet at that point, either 
existing now or likely to be induced by changes which are reasonably 
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to be auticipated, and the preservation of the navigation of the Eed 
and Atchafalaya rivers. That it shall provide for the immediate ac- 
complishment of all these ends is not necessary, bat that it shall pro- 
vide contingently for them all is necessary to its completeness. It is 
necessary also that it shall harmonize with the conditions which will 
follow the exclusion of overflow ixom the Tensas and Atchafalaya basins. 

Whether the levees necessary to prevent such overflow shall be erec- 
ted by the United States or the States, or both, is not at all material. 
That these great areas of land will be reclaimed and occupied must be 
anticipated, and any wise plan for the treatment of the present situation 
must take that future fact into account, and not only harmonize with 
the conditions which will then exist, but must consist with the greatest 
SHfety of life and property in all . localities liable to be affected by it. 
It has been the purpose of the Commission in the plan proposed to sat- 
isfy all these conditions. 

For the full information of Congress on this important subject it ha» 
been thought well to present in some detail, not only that plan which is 
recommended by the Commission, as the best one, but all that have been 
considered. 

TOTAL DEFLECTION OF THE RED INTO THE MISSISSIPPI. 

A plan fully to accomplish this object would necessarily include the 
following parts : 

1. A dam at or near the head of the Atchafalaya. 

2. The connection, of the dam with lines of levees of sufficient height 
to restrain all floods. 

3. Locks at Plaquemine and the improvement of Bayou Plaquemine 
and the Grand and Atchafalaya rivers. 

4. liaising the levees of the Mississippi below Red River. 

These constituent parts will be considered in the foregoing order. 

First. The selection of a location for a dam is limited to the Atcha- 
falaya itself — in which one would be sufficient — and to Old River, where 
two would be required, one above the head of the Atchafalaya, between 
it and the mouth of Red River, and the other below, or between the 
head of the Atchafalaya and the lower end of Turubull's Island. Both 
of these latter dams would extend from the right bank of lower Old 
River to TurnbulPs Island. The selection of location would be con- 
trolled by the nature of the foundation, the materials available, the 
safety of the completed structure, and the relative coSjJ}. 

The dam, if placed in the Atchafalaya, would be about 1,000 feet 
long. Its maximum height would be about 100 feet. The lower half 
would be built below low water, in a depth of about 50 feet, and the 
floods would bring a head of, say, 52 feet against it. The foundation 
would be in clay and sand. Dams in Old River would each be about 
3,000 feet long, with a net height of about 60 feet. The flood head 
would be the same as that against the dam in the Atchafalaya. The 
foundation, however, is very much worse, consisting of the recent and 
loose deposit with which the bed of Old River is filled to a very great 
depth, and it is impossible to foresee to what extent a heavy dam would 
sink before attaining stability. 

Three materials, to be used wholly or in combination, are available — 
brush, earth, and stone. Since the tipper side of the dam is alternately 
wet and dry with every change of stage, and the lower side constantly 
exposed to atmospheric Influence, the use of brush, from its perishable 
nature under these conditions, is quite inadmissible above low water. 
Its permeable and compressible nature also unfits it for use below low 
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water, with the great weight and head to which it would be subjected. 
The objections to the exclusive use of earth are the depth of water in 
'^'hich it is to be deposited and the necessity of completing a work of 
this material between two successive floods, or else of protecting it in 
4in incomplete state against a flood, at great risk and cost. The objec- 
tions to stone are its great weight and cost. These considerations de- 
cide the Commission, in case this work is done, to favor a dam consist- 
ing of two transverse stone retaining walls, built of riprap and extend- 
ing up to low water, with outer slopes of 1 on 2 and inner slopes of 1 
•on 1. The distance between the crests of these walls will be the width 
of the base of an earthen embankment with slopes of 1 on 4, a crown of 
-40 feet, and of the requisite height. The earthwork should be thor- 
oughly faced with stone. 

This being the advisable construction of the dam, the Commission is 
•confident, from the foregoing considerations, that the location in the 
Atchafalaya offers advantages of security and economy not found in 
Old Eiver, and also that the dam should be placed below the mouth of 
the Bayou des Glaizes, through which stream a large volume of over- 
Mow enters the Atchafalaya. The contents of this dam will be about 
.^,000,000 cubic yards of earth and 200,000 of stone, for which an esti- 
mate of $2,000,000 is submitted. 

Second. The overflow of the Atchafalaya Valley,, as measun^d in the 
^ood of 1882, is much greater than the discharge of that river within 
i\s bed. But as this is largely composed of Red River water, and the 
overflow would have free access to the stream through innumerable 
bayous below the dam, on either side, it is as important to exclude this 
overflow as the discharge of the stream itself. The work required to 
•^effect this would be the raising of the levees on the south bank of the 
Bayou des Glaizes, and up the left bank of the Atchafalaya from the 
-dam to its head and along the south side of Old River to the Missis- 
sippi; for which an estimate of 1,400,000 yards, at 25 cents, or $350,000, 
is submitted. 

Third. It is not presumed to be the intention of the Government to 
close inland access to the navigation of the Atchafalaya, Teche, and 
other streams of that system, 500 miles in length, through a country 
annually sending out $8,000,000 of agricultural products, as shown by 
the census of 1880, and for the improvement of which the plans and 
^appropriations have already, from time to time, been made by the Gov- 
•ernment. 

Locks at Plaquemine and the improvement of Bayou Plaquemine 
^nd Grand and Atchafalaya rivers are essential to connect this navi- 
igation with the Mississippi in case the above-mentioned dam is built, 
«nd are therefore considered as constituting an essential part of the 
project. An estimate to give 5 feet navigation has been prepared for 
this work, under the direction of the Commission by Maj. A. Stickney, 
Corps of Engineers, U. S. A., and is now submitted : 

Xocks and improvement of Bayou Plaquemine 1 $1, 167, 648 40 

Improvement of Grand River , 285, 972 50 

Improvement of Atchafalaya River 108, 000 00 

Total :. 1,561,620 90 

Fourth. The gaugings made by the Commission in the vicinity of the 
«nouth of Eed Eiver during the flood of 1882, established the" follow- 
ing facts : In that year about 1,950,000 cubic feet per second reached 
^he latitude of the mouth of Red River from the drainage basin of the 
IMississippi, of which 1,460,000 came down that river and 500,000 
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through the Tensas Basin as overflow. To this volume the Eed and 
Black rivers added about 250,000 feet. The discharge below Bed River 
was approximately distributed as follows: Past Red River Landing^ 
1,595,000; overflow between Red River Landing and Oarrollton, 674,000 ; 
past Carrollton, 921.000; down the Atchafalaja, 281,000; and overflow 
through the Atchafalaya Basin, 324,000 cubic feet per second. The 
completion of the work required by the last river and harbor bill 
would, under conditions similar to those of 1882, have increased the 
discharge below Red River to 2,200,000 cubic feet — 605,000 cubic feet, 
or 38 per cent. With the discharge actually occurring in that year the 
overflow was 674,000 cubic feet. With the above increase it would have 
been 1,279,000 cubic feet per second. 

The difficulty and risk attending the execution of this plan are appar- 
ent from the following considerations : The conditions below Red River 
have been sustantantially unchanged since the completion of levees up 
to that point, over fifty years ago. Since that time the flood discharge 
at Red River Landing has repeatedly approximated 1,500,000 cubic feet 
per second, while the highest flood on record at New Orleans, tbat of 
1883, gave, by actual measurement, less than 1,100,000. The surplus 
above this latter amount has been lost over and through insufficient 
levees. During these many years the larger volume passing Red River 
Landing has failed to excavate for itself sufficient waterway below. The 
reason is obvious. The power of the discharge above must be controlled 
and converted into work by levees oflering greater resistance than the 
bed before the discharge can be increased. The measure of the work re- 
quired of the river will first be indicated bj' an increased slope. But thi8 
is not possible on that part of the river under discussion, as the levees are 
already awash for hundreds of miles in great floods, and are only held 
by temporary devices. Hence they must be raised during the transi- 
tion period and until readjustment is reached. In the next place, full 
security during and after the execution of the work cannot be assured 
without higher levees. It is entirely possible, and therefore must be 
provided for as a contingency of the work, that for a series of years 
there may be no flood of magnitude nor coincidence of floods in the two 
rivers. Thus, from 1877 to 1881, both included, the flood only once, 
and then barely, attained mean high-water mark, or 3 feet below the 
crest of the levee at Baton Rouge as determined by the average height 
of all known gauge records below Red River. During such a period 
the closure of the Atchafalaya might be completed without, in any one 
year, throwing into the Mississippi below a volume greater than the 
average flood discharge under present conditions. In such case no pro- 
gressive enlargement of bed could be expected, and when after the 
completion of the dam a great flood should come, as did in 1882, or the 
floods of the Mississippi and Red should combine, the full effect of the 
work, as indicated in the raising of the flood-plane, would practically 
have to be encountered in a single year. 

For the cost of the increase of levees, assumed to be necessary during 
the execution of the foregoing i)lan, estimates are submitted. 

The estimates are divided into two parts, the first of which represents 
the amount necessary to place the present system of levees in such con- 
dition as they ought to be to safely restrain the floods now occurring, 
without any change of conditions at Red River. This is assumed at a 
mean raise of 2 feet in the grade. 

The second part represents the additional work directly consequent 
upon the changes at Red River proposed by the plan now under dis- 
cussion, assumed at 2 feet of additional height. 
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To restrain floods of the heiglils recently experienced on the Lower 
Mississippi the levees wouhl have to be raised below Eed Kiver, and for 
this purpose a mean increase of height of 2 feet has been taken, and the 
amount required is $2,872,500. 

The plan under consideration if executed will increase the volume of 
/ these floods, and necessitate a further increase of grade. 

This is also assumed at 2 feet mean raise, and the amount required 
for this work would be $3,727,500 ; total, $6,600,000, 

Total estimale for the execution of the project. 

Dam ^2,000,000 

Connecting levees 350, 000 

Locks and improvment of connected rivers..* 1,561,620 

Raising levees below Red River 6,600,000 

Total 10,511,620 

The objections to this plan may be summarized in the statement that 
it is costly, difficult, and dangerous beyond the necessities of the case. 

There is no evidence that there ever was a time when the entire dis- 
charge of the Red and Mississippi at their greatest floods passed, or 
could pass, down the Mississippi channel. The attempt proposed by 
this plan to compel such a result is an experiment with the forces of 
nature on an enormous scale and by a method which admits of no quali- 
fied trial. The head of the Atchafalaya being once shut up, the entire 
flood and all floods must be carried to the Gulf down the main channel. 

Four feet is the height which has been assumed as the mean addi- 
tion to existing levee grades below Red River necessary to provide for 
this increased discharge. This addition would not be uniform, but 
would exceed the mean along a considerable portion of the river's 
course. Crevasses are possible in the best-built and best-guarded 
levees ; and when they do occur every foot of the dam across the 
Atchafalaya would flood elevation above the level of the surrounding 
country adds greatly to their disastrous eflects. At the elevation to 
which a great flood would be carried by the execution of this plan in 
some parts of the rivers below, where the atljacent t^ountry is highly 
cultivated and densly populated, a crevasse would come with a fury and 
destructiveness to which no former experience would furnish any par- 
allel. The dangers here indicated would exist in a peculiar degree at 
the proposed dam across the Atchafalaya. Such a dam as would be 
necessary in this case, upon the foundation existing for it, cannot be 
regarded as a structure beyond the reach of accident, however well 
made or watched; and the breaking of such a dam, with a head of 
52 feet against it, and the empty Atchafalya Basin below, it would be 
an appalling event. That it would immediately precipitate one of the 
very disasters it was designed to prevent, viz, the cutting of a deep 
channel from the Mississippi River into the Atchafalaya Basin, would 
seem inevitable. 

It may be said that the result of turning this increased volume down 
the main channel will be to increase its section by scour, and so pro- 
vide adequate capacity of discharge without raising the present flood 
level. That its tendency will be to enlarge the channel is undoubtedly 
true. But the increased flood height must come first as a cause; the 
enlargement afterwards as an effect. How soon or to what extent the 
eff'ect will follow the cause, no one knows. To assume that it will come 
in a few years, and act upon that assumption in a case so grave, is to 
stake tremendous consequences on the soundness of a theory. 
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It may be said also that the plan submitted hereafter by the Commis- 
sion involves in its final execution a discharge in the main river below^ 
of the same volume which this plan will require, less only the discharge 
of Red River. To which it may be answered that this is of itself a 
substantial difference, being equal to one eighth of the discharge above 
Eed River; and that in its relations to this river below it is a very im- 
portant difference. When a great flood confined between levees ha& 
passed the point of safety, each inch of additional rise adds to the dan- 
ger in an increasing ratio. To which may be added the more important 
fact that the plan submitted by the Commission has this exceeding ad- 
vantage, that it can be executed by installments, and tested as it pro- 
ceeds, without taking at once and irrevocably, enormous risks. 

The presentation here made of this plan, and of the objections to it, 
have been extended to some length because a clause in the last law 
making appropriations for the Missiijsippi River appears to anticipate, 
if indeed it does not direct, the treatment of Red River in the manner 
contemplated in the plan here discussed. The funds available out of 
the appropriation were insufficient, however, even to begin a work of 
such magnitude. And inasmuch as the Commission is compelled, for 
the reasons stated, to disapprove the plan, it seems proper that the sub- 
ject should be fully discussed at this time. 

Other plans which have been proposed will be briefly discussed. 

The separation of the Red and Atchafalaya from the Mississippi. 

The separation of the Red and Atchafalaya from the Mississippi River 
has been proposed by extending and connecting the levees on the right 
bank of the Missi8sii)pi, above and below Old River, with a dam across 
that channel. This dam would have to be constructed with the same 
methods and materials as that previously discussed for the Atchafalaya^ 
While it would not be of equal magnitude with that dam, either in 
length or height, or in the depth of water in which it must be built, the 
foundation would be in the loose deposit with which the bed of Old 
River is filled. The opening of the Plaquemine route, as previoiisly de- 
scribed, would also form part of this plan. 

The discharge below Red River, on the basis of the flood of 1882,^ 
would be increased 355,000 cubic feet per second, or to 1,950,000, which 
would still require some elevation of levees below. 

The connection of the dam with the adjacent levees would be more 
expensive than in the previous plan. Estimates are submitted without 
recommendation. 

Cost of dam |1. 200,000 

Connecting adjacent levees, 2,000,000 yards, at 25 cents 500, 000* 

Locks and improvement of Plaquemine, Grand, and Atchafalaya rivers .. 1,561,620 
To make secure present levees below Red River, assumed, as before, at a 

mean raise of 2 feet in their grade 2, 872, 50O 

To provide for the increased discharge below Red River consequent upon 
the execution of this plan would require an additional raising of grade, 
which, assumed in this case at 1 foot mean raise, would require 1, 927, 500 

Total 8,061,620 

Major SticJcney^s project. 

A project has also been submitted by Maj. A. Stickney, Corps of 
Engineers, U. S. A. 
This plan proposes as its fundamental feature to raise the bed and 
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water surface of the lower Eed and upper Atehafalaya by means of 
submerged dams, and will be found fully stated by its author in Ap- 
pendix I of this report. 

Major Stickney's estimate for the execution of his plan is $2,151,660. 

If the increase of discharge down the Mississippi indicated by Major 
Stickney as the result of his plan were realized, we believe the follow- 
ing estimates for levees would be necessary as a part thereof. 

To make secure present levees below Red River, assumed, as before, at a 

mean raise of 2 feet in their grade $2, 872, 500 

To provide for the increased discharge below Red River consequent upon 
the execution of this plan would require an additional raising of grade, 
which, assumed, as in the last case, at 1 foot of mean height, would cost. 1, 927, 500 

Total 4,800,000 

Plan for the rectification of the Bed and Atchafalaya rivers by prev^mting 
further enlargement of the latter stream and restricting its outlet ca- 
pacity. 

The object sought to be accomplished in the plan which is now de- 
scribed is the control of the outlet discharge through the valley of the 
Atchafalaya and the checking of the enlargement of its bed. 

It is not the opinion of the Commission that the diversion of the 
Red Kiver into the Mississippi is of the importance to the maintenance 
and improvement of the main stream that would render expedient the 
expenditure and risk that would be incurred by the magnitude of the 
project and the precautionary work necessary on the lower levees. 
Any reasons in favor of this plan are valid only in connection with the 
navigation of the tributary. 

To some extent the repair of existing levees along the Tensas front, 
now in progress, will tend to reduce the strain upon the Atchafalaya, 
but to provide absolutely against any injury from the augmentation of 
floods in the main river below, some increase in the height of the levees 
below Eed River will be necessary in this or any of the projects here- 
inbefore discussed. 

The plan is as follows: 

A series of brush-dams should be placed in the Atchafalaya, with the 
upper one below the Bayou des Glaizes, and the others at intervals not 
exceeding one-quarter of a mile. These dams should be built up to 
just below low water. It is the intention that these dams shall permit 
the passage down the Atchafalaya of a volume equal to the flood dis- 
<5harge of Red River, and in construction their height and the width 
between spurs can be so adjusted as to accomplish this result. It is 
also entirely practicable that these dams should be so located and con- 
structed as to form part of a high- water dam, should the building of 
«uch be specially directed by Congress. 

They should be constructed of a sill not less than 300 feet wide, up 
and down stream, and extending transversely up to the high-water 
banks. Above low water they should be heavily riprapped. The dam 
should be built upon this sill with concentric and diminishing cribs con- 
structed as those now being used in New Orleans Harbor. While the 
ends of these cribs would reach about to low water, their concentric po- 
sition would leave a depression not less than 5 feet deep over the middle 
of the crest to afford at all stages access to the navigation of the Atch- 
afalaya. 

The design for the dams as described has been used for purposes of 
estimate. If constructed, the details may be materially modified. 
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From the levees on either side of the Atchafalaya, and opposite the 
«i)ds of the dams, earthen spurs should be built out as far as possible. 
These spurs, and any surfaces of adjacent levees or banks, where 
necessary, should be substantially riprapped. These spurs and the 
levees with which they connect, extending up the left bank of the Atch- 
afalaya to Old River and thence to the Mississippi, and also along the 
south side of the Bayou des Glaizes, should be raised above any over- 
flow. 

Estimates for this project are submitted. 

Six ilaius, with riprap and spurs, at $160,000 each $960, 000 

Raisinpf adjaceut levees 250, 000 

To make secure present levees below Red River, assumed as in previous 

cases at 2 feet mean raise 2, 872, 500 

To provide for the increased discharge below Red River, consequent upon 
the execution of this plan, vrould require an additional raising of grade, 
which, assumed as in the two preceding cases, at I foot increase of mean 
height, would cost ^ 1,927,500 

Total 6,010,000 

Within a few weeks past the Commission made a careful personal iu- 
spection of the Atchafalaya Eiver throughout its entire length. The 
water was at a low stage, and the opportunities for an examination of the 
stream and its banks were good. For a short distance from its head it 
has high banks aud a deep capacious channel, which is gradually, but 
not rapidly, increasing in size. As it descends, the channel grows nar- 
rower and shallower, and the banks lower, and the evidences of recent 
enlargement gradually disappear. It is obvious that a large part of the 
water which enters between the high banks at the head^s dissipated 
over the low banks below and finds its way to the Gulf in the form of 
general overflow. This overflow is so impaired in its progress by the 
dense forests of the swamps that it moves but slowly, and soon piles up 
to an elevation which limits the discharge from above. 

Nearly, if not quite, all the water which flows down the Atchafalaya 
at the present time during flood stages comes from the Red and Black 
rivers and the Mississippi overflow into the Tensas Basin. There is now 
no tendency in lower Old River to enlarge ; on the contrary, it appears 
to be closing. While present conditions continue there is not, in the 
opinion of the Commission, any immediate danger that a deei)-water 
connection will be formed between the Mississippi and the Atchafalaya. 
On the contrary, there seems to be more danger that the bed of Old 
River will close and so sever the low water of the Red and the Missis- 
sippi rivers by a natural process, though of the future course of these 
changes it is impossible to afiirm anything certainly. But the complete 
closure of the levees on the Tensas Front, an event likely to occur at an 
early date, will change very materially these conditions ; and at flood 
stage of the Mississippi coincident with relatively lower stages in the Red 
there would be likely to be a large outflow through Old River. If this 
were left entirely unrestricted there would be danger of changes in the 
channels of Old River and the Atchafalaya, which might occur with 
suddenness and make their subsequent correction very difficult. The 
possible consequences of such changes would be so grave that no reason- 
able precautions against their occurrence ought to be omitted. 

The submerged dams i)ropo8ed in the last-mentioned plan will con- 
tract the present discharge capacity of the Atchafalaya only slightly, 
so that unless they shall be supplemented by levees to prevent the en- 
trance of overflow water into the Atchafalaya Basin, the quantity of 
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Mississippi water escaping into that Basin will continue substantially 
unchanged. 

This leads to the consideration of the Atchafalaya as an outlet, and 
to the question of its closure or restriction as such. TLe Commission 
entertains no doubt of the trutb of the general proposition frequently 
heretofore stated, that the tendency of an outlet of substantial dis- 
cha* ge is to impair the eificiency of the main channel below it. The 
complete closure of the Tensas Front will transfer the discliaigc of the 
present outlets along that front to the mouth of Old River and the 
space between that point and the foot of the Tensas levees. That the 
tendency of a permanent outlet so lar^eand so sharply localized will be 
toimpairthemain channel below seems certain. The extent andrapidity 
of such impairment it is impossible to predict. But that it may result 
in the formation of a bar or series of bars great enough to obstruct 
navigation and in the abnormal widening of the channel, which is tiie 
usual concomitant of such bars, is possible. 

The prevention of this escape can be accomplished only by cutting 
off* the overflow into the Atchafalaya Basin by levees across its head. 
These, by preventing high water outflow through Old River, would also 
add to the security of that channel against dangerous enlargement, and 
so constitute a logical part of the plan proposed, whether that be, con- 
sidered as a means for the closure of an outlet merely, or as a precau- 
tion against the divergence of the Mississippi into the Atchafalaya 
Basin. 

But, for the reasons already stated, the levees across the head of the 
Atchafalaya Basin cannot be constructed without exposing the country 
on the main river below to disastrous, overflow, until the levees below 
Red River shall have been raised, and until that time the execution of 
that part of the plan must necessarily be deferred. The extent of such 
necessary additional levee height below Red River, and the probable 
cost of it, are given in connection with the statement of the first plan 
hereinbefore described. 

Thepresentrecommendation of the Commission is confined, therefore, 
to the construction of the submerged dams described, designed to pre- 
vent further enlargement of the Atchafalaya. 

The keeping open a navigable channel from the Red into the Missis- 
sippi River is not necessarily connected with any of the projects herein- 
before described, but in connection with the last plan described could, 
it is believed, be promoted by the following work. The limit to this im- 
provement is the bar which invariably forms in the mouth of a tributary 
under the influence of back water from the Mississippi, and which the 
discharge of the tributary is unable to remove. Thus, the mouth of the 
Missouri goes down to 3^ feet, and of the White and Yazoo to about 3 
feet. 

It has been proposed to effect this by placing a low- water dam across 
Old River, between the Red and Atchafalaya, whose crest shall have 
an elevation of about 10 feet above the obstructions in Upper Old River, 
and thus deflect the Red River, when below this stage, down Upper Old 
River, which, before the present conditions, induced by the enlarge- 
ment of the Atchafalaya, was the natural and better channel. The re- 
development of this channel would probably require the assistance of 
dredging and spur-jetties, for which no reliable estimate can be made. 
It is probable that work of this description would still be required if 
the entire flood discharge of the Red River were deflected in this direc- 
tion. The cost of dam would be $125,000 ; probable cost of dredge and 
jetties, $275,000; total, $400,000. 
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While it is believed that the effect of this plan will be to deepen the 
access to Red Eiver and confine the difficulty of navigation, which now 
extends over 6 miles, to its immediate mouth at the Mississippi, it is 
doubtful if the condition there admits of a depth of navigation greater 
than is now foiind at the mouths of other tributaries, or at the mouth 
of Eed River itself before Shreve's Cut-off!. The plan is therefore sub- 
mitted as presenting this limited advantage, with an estimate, to en- 
able Congress to judge of the advisability of its execution. 

LEGISLATION. 

The Commission renew the recommendation heretofore made that 
provision be made by law for the appropriation by the United States, 
through proceedings in the Federal court, of land and material needed 
in the work. 

On this point reference is made to the suggestions of the last report, 
without repeating them here. 

FINANCIAL STATEMENT. 

Appropriation for surveys and expenses of the Mississippi Eiver Commissiony act of July 7, 

1884. 

Balance on hand December 1, 1883 J67,080 88 

Appropriated by act approved July 7, 1884 75, 000 00 

142, 080 88 

Expended from December 1, 1883, to November 30, 1884, including esti- 
mated liabilities 87,961 73 

Balance which it is estimated will be required during the remainder of the 
fiscal year ending June 30, 1885 54, 119 15 

142,080 88 
Appropriation for surveys of Mississippi River, act of July 5, 1884. 

Amount appropriated $75, 000 00 

Expended to December 1, 18H4 40,247 52 

Balance which it is estimated will be required during the remainder of the 
fiscal year ending June 30, 1885 34,752 48 

75, 000 00 

The estimates of funds for fiscal year 1886, which were transmitted 
to the honorable the Secretary of War on July 25, 1884, are here re- 
peated. 

Estimate of funds for the Mississippi Eiver Commission for the fiscal year ending June 30, 

1886. 

RIVER AND HARBOR BILL. 

For continuation of surveys of the Mississippi River between the Head of the 
Piisses, near its mouth, and its headwaters, now in progress ; to make ad- 
ditional surveys and examinations of said river and its tributaries ; to 
make such additional examinations and investigations, topographical, hy~ 
drographical, liydrometrical, as are necessary for maturing a plau for the 
permanent improvement of the entire river $100, 000 

SUNDRY CIVIL BILL. 

For salaries and traveling expenses of the Mississippi River Commission, 
and for salaries and traveling expenses of assistant engineers under them, 
and for office expenses and contingencies $100, 000 
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The estimates of funds for works of improvement for the fiscal year 
3886, which were transmitted to tlie honorable the Secretary of War 
July 25, 1884, are here repeated. 

Estimates of funds for the improvement of the Mississippi River for the fiscal year endings 

June 30, 1886. 

For continuing the improvement of the Mississippi River from Des Moines 

iiapids to the mouth of the Illinois River $500,000 

For coutiuuing the improvement of the Mississippi River from the month 

of the Illinois River to Cairo, 111 1,000,000 

For contitniing the improvement of the Mississippi River from Cairo, III., 
to the Head of the Passes, including the improvement of the Red River at 
and below the head of the Atchafalaya 7, 000, 000 

In addition to the foregoing, the following special estimates for im- 
proving the harbors named in the last river and harbor bill, as set forth 
in the body of this report, are recapitulated. 

For improvement of the following harbors : 

Columbus, Ky $80,000 

Hickman, Ky 270,000 

Mem|»h!8,Tenn 75,000 

Greenville, Miss 186,000 

Vickfiburg, Miss 20,000 

Natchez, Miss 700, OCO 

New Orleans, La 683,600 

Total 2,014,600 

FINANCIAL STATEMENTS, NOVEMBER 1, 188:3, TO SEPTEMBER 30, 1884. 

(Appropriations for improving Mississippi River, acts March 3, 1881, August 2, 1882, 

and January 19 and July 5, 1884.) 

Balance in hands of disbursing officer November 1, 1883 $39 1, 243 30 

Less balance of first appropriation .\ . . (36, 230 86 

Less deposits from sale of coal, credit of general service 126 00 

36, 356 86 

In United States Treasury November 1, 1883 354,886 44 

In United States Treasury November 1, 1883 607,02.'> 90 

Allotments since November 1, 1883 3,337,290 00 

Unallotted in Treasury 12,710 00 

Deposited by Captain Sears ;. 40 50 

Deposited by Captain Knight 20 00 

Total 4,311,972 84 

Expended November 1, 1883, to September 30, 1884 2, 307, 428 15 

Balance available September 30, 1884 2,004,544 6^ 

Estimated expenses to December 31, 1884 1,481,924 46 

Estimated balance for carrying on work and care of property to Janu- 
ary 1, 1885 522,620 23 

Q. A. GILLMORB, 
Colonel of Engineers^ Brevet Major- Oeneralj J7. 8. A., 

President of Commission, 
OHAS. R. SDTER, 

Major of Engineers, U. 8. A, 
B. M. HARROD, 
R. S. TAYLOR, 
S. W. FERGUSON, 
HENRY MITCHELL, 

Coast and Oeodetic 8urvey. 
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I have signed the above report with some misgivings as to the pur- 
port of the two articles entitled, respectively, "Levees and Outlets" and 
*' Rectification of the Red and Atchafailaya Rivers," and I feel con- 
strained to make my own conclusions a little more apparent 

The first article is valuable as furnishing all the information in the 
possession of the Commission concerning the effect of levees as means 
of improving navigation ; but it seems to be implied that this informa- 
tion is now adequate to warrant a complete system, in which I do not 
concur. 

The Commission has undertaken the reconstruction of levees along 
the fronts of the Yazoo and Tensas basins, with the expectation that 
these would improve navigation and determine the value of this means^ 
of improvemeut as compared with other means under trial. The results^ 
of these costly experiments have not yet been ascertained, and until 
benefits have been discovered from repeated surveys at low water there 
would seem to be no ground for recommending a complete application 
of the levee system. 

This " complete application" would, it appears, necessitate the raising 
of all the levees now existing between Red Hiver and the Gulf of Mex- 
ico, because it would precipitate into this-i-the most valuable part of the 
river — a greatly increased flood. 

Before recommending or in any degree favoring such " complete ap- 
plication " of the levee system, I prefer to await the results of our owit^ 
experiments, and I will add that these results will much exceed my ex- 
pectation if they justify the extension of levee work 270 miles beyond 
the obstructed portion of the river, and the introduction of a change of 
regimen where no change can be for the better. 

Relative to the second article, entitled *' Rectification of the Red and 
Atchafalaya Rivers," I have felt that the Commission was not justified 
in assuming that the order ot Congress to deflect the waters of the Red 
River from the Atchafalaya contemplated the augmentation of the flood 
heights and flood velocities below Red River, where no improvement to 
navigation demands it. I therefore regard the discussion of plans in- 
volving great systems of levees as irrelevant and unfortunate where not 
accompanied by explicit condemnation. To my mind the order of Con- 
gress finds its proper response in the plan recommended by the Commis- 
sion for obstructions in the Atchafalaya and the suggest^ dam at the 
head of Turnbull's Island for deflecting the Red River. 

HENRY MITCHELL, 

Coast and Geodetic Survey. 

Hon. Robert T. Lincoln, 

Secretary of War. 
(Through the Chief of Engineers.) 

New York, December 23, 1884. 

1. In the preceding report the Mississippi River Commission has rec-^ 
ommended the extension of the work below Cairo, to include the New 
Madrid Reach, and the commencement of a systematic revetment in 
seriously caving banks from Cairo down. It has submitted an estimate 
of $7,000,000 for work below Cairo, for the coming fiscal year, exclusive 
of harbor works. 

Not concurring in either the recommendation or the estimate, it is 
proper to give my reasons for dissent. 

2. The original estimate of the Commission for 38 miles of the Plum 
Point Reach was $1,432,000; and for 26 miles of the Lake Providence 
Reach, $1,238,000. 
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It is now certain that the cost of these works will be not less than 
three times the original estimate, and even yet it is not practicable to 
state with definiteness what the ultimate cost will be. 

So far as the actual experience of the Commission goes, the loss of 
work has been large, but that experience is not yet extensive enough 
to show how much these losses can be reduced in future, nor, after works 
are completed, how much the annual cost of their maintenance will ex- 
ceed or fall short of 5 }wr cent, per annum. As the advisability of the 
extension of the systtui of works over the whole river depends on the 
relation of the hual cost of the system, and of its annual maintenance, to 
the value of the resulting benefits, I am not prepared to recommend any 
large extension of the appropriations or of the works till those costs 
are approximately known. 

3. A majority of the Commission state, " We therefore conclude that 
levees, such as have been herein described, are, in connection with an 
equalization of width and the prevention of caving, an important part 
of any general and systematic plan for the improvement of the naviga- 
tion and the prevention of destructive floods." 

I am unable to learn from the report, exactly or approximately, what 
heights the levees " such as have been herein described'' are to have, 
but as " preparations must also be made in the grade for such increase 
of flood elevation as will at first ♦ • ♦ result • * ♦," I infer that 
the levees "' herein described " are to retain such large floods as occur 
every few years. I fully concur with the majority as to the necessity of 
such levees, to restrain destructive floods, and believe it to be the only 
method by which the great value of the bottom lands of the Mississippi 
can be fully developed. 

I do not concur in the opinion that such levees will have any consid- 
erable value in improving low-water navigation. As I have stated in 
previous reports, the cause of bad low water navigation is excessive low- 
water width. It is only where such excessive widths occur that navi- 
gation is bad, and if by means of levees some hundreds of thousands of 
cubic feet per second of discharge at the top of the flood were added 
to a discharge which now is 1,200,000 or 1,400,000 cubic feet, while it 
might in some degree lower the bed of the river, unless it also narrowed 
the low-water river, it would give no sensible increase of low- water 
depth on the bars at these wide places. Where the river is now shoal 
and a mile or a mile and a half wide, it is difficult to see how levees on 
the bank of the river will produce any sensible contraction of width or 
sensible increase of depth, and it is only at wide places that increase of 
low-water depth is needed. 

The river itself does not appear to support the theory that bad navi- 
gation is due to escape of flood water over the banks. The flood dis- 
charge of the river, as it now is, varies at different places between about 
1,000,000 cubic feet per second at CarroUton and 1,800,000 or 2,000,000 
cubic feet at the Ohio or at New Madrid. At New Madrid nature has 
supplied levees which practically confine the flood waters up to the high- 
est stage. Here she has tried the experiment which the Commission 
are also trying, and the result is that immediately below New Madrid 
one of the worst, if not the worst, pieces of low- water navigation now on 
the river exists. 

Again, if lack of flood-water which escapes into the river bottoms 
were the main or an important cause of bad low-water navigation, since 
below New Madrid the flood discharge decreases gradually to just above 
the mouth of the Saint Francis, where it does not much exceed 1,000,000 
cubic feet, it would seem that on all the straight portions of the river 
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here the navigation should be bad. The fact is that interspersed be- 
tween the bad reaches are others having no greater flood discharge 
than those above them, and yet where the navigation is good. If bad 
navigation arose from decreased flood dischargee^ there should be a 
marked deterioration in passing from New Madrid with 1,800,000 dis- 
charge, to ju6t above the Saint Francis with 1,000,000 flood discharge. 
It does not occur. 

It may be asked. What causes the excessive low- water widths which 
give bad navigation ? If the comparisons of the old with recent sur- 
veys showing changes in the river, given in the plates of the Missis- 
sippi River Commission Report for 1883, beexamined,it will be seen that 
at the same place, in widely differentyears, the river may now be wide and 
now narrow, and that there is in general a traveling of bends and pecul- 
iar forms down the river. This suggests that the special width or nar- 
rowness, and hence the good or bad low- water navigation at a given 
place, does not depend exclusively, nor even mainly, on the forces acting 
to-day, but rather that the actual form of the river at a given place is 
merely the recorded history of what has occurred there during many 
years past, and that where to day the low-water navigation is good or 
bad, fifty years from now the state may be reversed, and that without 
any change in flood discharge. 

If, in a straight reach, where navigation is now good, the river, chang- 
ing the thread of its current from some slight cause, were to attack alter- 
nately one bank and the other — ^if this continued the result would finally 
be a wide river and bad navigation. The reverse process would turn 
a bad part of the river into a good one. These changes might occur 
just as well with a flood discharge of 1,800,000 as with one of 1,000,000 
cubic feet; in other words, it might happen just as well with as without 
levees. 

Not holding the opinion that bad low water navigation is caused in 
any considerable degree by escape of flood water over the banks, I 
cannot attribute any value to levees as aids to low-water navigation 
commensurate with their cost. 

Below Red River, levees for the improvement of navigation are not 
needed, as the navigation there is good, and any reactionary influence 
to improve the low-water navigation above would be very small. 

4. For the Red and Atchafalaya rivers the Commission approves a 
plan which proposes to put a submerged dafn across the Atchafalaya — 
ultimately to stop by levees all escape into the head of the Atchafalaya 
Basin except 281,000 cubic feet per second through the dam; and to 
build a low- water dam. across lower Old Kiver, between the Atchafalaya 
and the head of TurnbuU's Island. 

I concur in the propriety of checking the enlargement of the Atcha- 
falaya by a submerged dam, as, if its enlargement went on indefinitely, 
the main Mississippi might go that way. 

The ellect of the levees would be to increase the flood discharge at 
New Orleans from about 1,100,000 cubic feet to about 1,900,000, and to 
require the levees to be raised there about 6 feet. 

(In making this estimate the method used by me in the Annual Report 
of the Mississippi River Commission for 1883 has been followed. In ref- 
erence to that method a majority of the Commission say: "Numerous 
facts indicate that gauge-heights for great discharges cannot be predicted 
by extending the curves constructed at low and medium stages with 
these elements as co-ordinates." 

(I know of no one who proposes to use low stages for this purpose, 
and when, instead of " low and medium stages," medium and high stages 

H. Ex. 64 3 
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are used, the method is in my jadgmeut the best at present available, 
and must be followed till the Commission present a better one to re- 
place it.) 

The plan, then, of stopping a large part of the escape into the Atcha- 
falaya Basin proposes to require a large raising of the levees from Bed 
Biver down at a great expense, and a permanent increase of danger to 
idl the people living behind these levees from the greater overflow if 
these higher levees should be broken. 

The advantages which may be supposed to follow from these levees 
are a theoretical improvement of navigation below Bed Biver where it 
is now good, or a prevention of its deterioration, and a protection from 
overflow of an area of thinly-settled land in the vicinity of the Atcha- 
falaya, small in comparison with that on the Mississippi below Bed 
Biver. The disadvantages appear to far outweigh the advantages. 

The Commission recommends the construction of a low-water dam 
across lower Old Biver above the Atchafalaya, and the formation of a 
channel on the north side of TurnbuU's Island. The estimated cost is 
$400,000. 

I fear that the opening of the channel would cost twice or three times 
the estimate, and that after the completion of the works the mouth of 
Bed Biver would sometimes close unless dredging were used. 

So long as the relative oscillations of the Mississippi and the Bed may 
give nearly still water, loaded with sediment, in both lower and upper 
Old Biver, for many weeks at a time, it is very doubtful if in such cases 
the low- water flow of the Bed Biver can keep, in dry seasons, a low- 
water channel open. 

I should prefer to continue annual dredging rather than to execute a 
costly work whose results are so uncertain. 

C. B. COMSTOCK, 
Lieutenant- Colonel of Engineers and Brevet Brigadier- General. 

Hon.. BOBERT T. LiNOOLN, 

Secretary of War* 
(Through the Chief ot Engineers.) 
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Statement of appropriations allotted and expended under the Mississippi Biver Commission. 

Act ofMarchS, 1881 $1,000,000 00 

Act of August 2, 1882 4,123,000 00 

Act of January 19, 1884 -• 1,000,000 00 

Act of Julys, 1884 2,070,000 00 

Total 8,193,000 00 

Balance from former appropriations for works below Cairo, July 1, 1882 272, 628 38 

Balance from former appropriations for works above Cairo, July 1, 1884 18, 017 89 

For sale of fuel and loss of property 60 50 

8, 483, 706 77 

Expended to September 30, 1884. 

Des Moines Rapids to Illinois River $30,914 73 

Illinois River to Ohio River 87,882 14 

Protecrion of easterly bank of Mississippi River near Cairo 5, 511 51 

New Madrid Reach 210,358 39 

Plum Point Reach 2,030,896 80 

Memphis Reach and Harbor 463,291 11 

Lake Providence Reach 1,918,668 45 

Vicksburg Harbor and Delta Point 147,754 44 

Survey of Helena Reach 8,000 00 

Survey of Saint Francis front, first district 4, 873 11 

Survey of Saint Francis front, second district 4,000 00 

Survey of unleveed fronts, third district 999 49 

Survey of unleveed fronts, fourth district *- 902 12 

Survey of Cubitus Gap 137 14 

Survey of Choctaw Bend 2,679 86 

Observations at CarroUton 3, 000 00 

Closing Bonnet Carr^ Crevasse 15,000 00 

LEVEES. 

Second district, 

Yazoo front 80,950 00 

Long Lake 15 55 

Third district. 

Yazoo front 343,455 75 

Tensas Point 361,653 53 

Fourth district. 

Atchafalaya front 126,908 40 

Tensas front 444,180 63 

Mouth of Red River 79,092 57 

Natchez and Yidalia harbors 5,579 12 

New Orleans harbor 102,390 74 

Balance September 30, 1884 2,004,605 19 

Estimated balance January 1, 1885 522,620 23 

Respectfully submitted. 

J. H. WILLARD, 
Captain of Engineers, 

Secretary Committee on Construction, Mississippi JRiver Commission. 
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Appendix A. 

annual report of the secretary op the commission upon the field work 

op surveys and examinations. 

Office Mississippi River Commission, 

2828 Washington Avenue^ Saint Louis, Mo., October 20, 1884. 

General : I have the hooor to submit the following report of the work of surveys 
and examinatioDs during the fiscal y6a>i* ending June 30, 1884. 

The survey boats and launches with their mess and field outfits have been kept in 
working order by the necessary current repairs. This remark applies to the Instru- 
ments as well. No additions to either class of property have been made during the 
year except a stern-wheel steamer described below. No changes have been made in 
the organization or methods pertaining to the classes of work previously executed. 

Gattge inspection. — This work has been given greater prominence during the year 
than it has had heretofore. A discussion of the hydrographs as well as the results of 
the few and irregular inspection previously made, had some time since developed the 
fact that the gauge records were far from reliable. The lack of correct river heights 
in previous years has in many cases substituted prolonged discussions for what would 
otherwise have been ascertained facts, and has in so far operated against the speedy 
elaborations of a definite plan of improvement. The principal source of error was 
found in the destruction of the gauges either by drift or ice, by the landing of boats, 
or by the scour or caving of banks. 

At such times the keeper was obliged to use a temporary stick and by adding or sub- 
tracting the daily change, keep as well as he could a record of the stage of water, a 
process admirably suited to the introduction of large errors especially of the cumu- 
lative kind. To insure correct records the first step was to ke«p the gauges in posi- 
tion. To do this re(xnired that a party should visit each station fr«*quently, carrying 
with it all necessary appliances for replacing and repairing gauges and bulletins. 

Various plans which suggested themselves were tried without success, and a solution 
was finally found in the purchase and equipment of a small stern- wheel boat on which 
an inspector is constantly passing up and down the river inspecting the gauges, and 
by the assistance of the crew of the boat making all the necessary repairs. The party 
has also been able at a very slight cost to do a great deal of work formerly done by 
parties especially organized at considerable expense. She has also saved a consider- 
able expenditure formerly necessary for transportation of supplies to field parties, and 
for towing their boats from point to point. The boat is named the Patrol; is 110 feet 
long by 23 feet beam ; has engines 12 inches in diameter, 5 feet stroke, and costs with 
a single crew about $1,200 per mouth. 

She left Pittsburgh, where she was built, in the latter part of July, 1883. She com- 
pleted her furnishing and equipment at Saint Louis, and left for her first inspection 
trip early in August. 

Her work for the eleven months ending June 30, 1884, is as follows : 

Number of miles run 13,158 

Number of piece miles towing 3, 412 

Number of ton miles of freighting 20, 000 

Number of gauge inspections made 103 

Average interval (in days) between consecutive inspections at any gauge .. . 58J 

Special surveys were made at Bonnet Carr^ November 5 to 10, 18^3 ; 21 cross-sec- 
tions sounded at Morganza November 14 to 23 ; 41 cross sections sounded at Water- 
proof Cut-oif May 24 to 26; shore-lines run, water-levels determined, four cross-sections 
sounded, and discharge measured in cut-off and old river. 

Low- water slope was determined October 11 to 31, 1883, from Saint Louis to New 
Orleans at 294 points. 

High-water observations were made Febrnary 28 to March 27 from Memphis to New 
Orleans, during which time there were examined on the Yazoo Front, 116 crevasses ; 
on the Tensas Front, 48 crevasses ; on the Atchafalaya Front, 6 crevasses. 
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The resnlts of these and previous measarements of the same character appear as an 
appendix to this report. 

The followiujr high-water discharges vere measured : Saint Francis River, at West- 
brook ; Yazoo River, aiuive Chickasaw Bayou ; Bayou La Fonrche and Mississippi 
River, at CarroUton, Red River, and Hays' Landings. 

Stakes for measurement of caving banks were set in fifty-two caving bends. 

Examinations of threatened cut-oifs were made at Caulk's Point, Jarpley Planta- 
tion, and Georgetown Bend. 

The total cost of the boat, for eleven months, not including the salary of the inspec- 
tor, was $17,089.80. Of this, $4,000 may fairly be assigned as the earnings of the 
boat in transportation and towing. The cost of high and low-water observations 
have been in previous years $5,000. The balance, about $8,000, is the pro-rata cost of 
the gauge inspections and special surveys. 

In the prosecution of the regular surveys, the only field work done during the year has 
been the continuation of topography and hydrography from Cairo to New Madrid, 
from Caruthersville to Memphis, and from Commerce to Saint Louis Landing, a total 
distance of 248 miles. 

The details are as follows : 



Items. 


First party.* 


Seoond party.t 

101 

274 

80 

354 

$12,558 07 

124 34 

35 47 


Third party. | 


For the three 
parties. 


Knm^er of milda of river ................ 


92 

227 

64 

291 

$13, 301 86 

144 59 

45 71 


55 

136 

38 

174 

$9, 367 44 

170 31 

53 84 




Number of square miles of topography 

Number of square miles of hydrography . . 
Total area surveyed (sauare miles) 






819 


Total flt-ld cost. .~ 




Cost oer mile of river .. ...... 




Cost per square mile of survey 


$43 01 



^Assistant J. A . Orkersou. Randolph Point to Francis Chnte, and Commerce to Saint Louis Landing, 
t Assistant L. L. Wheeler. Caruthersville to Randolph Point. 
X Assistant C. M. Winchell. Cairo to New Madrid. 

The work done in the previous years was l,i;i5 square miles, at $57 per square mile. 
The assistant engineers have continued to merit the favorable mention heretofore 
made of them. 'A reduction was reluctantly made near the close of the fiscal year in 
consequence of lack of funds. The work of the office having so increat«ed as to make 
it impossible for me to supervise it in detail, the organization was recast, with three 
divisions, known as the topographical, computing, and clerical divisions, which were 
placed in charge of Assistant Engineers J. A. Ockerson and L. L. Wheeler and Chief 
Clerk A. E. Symmes, respectively. These gentlemen have conducted the work of 
their divisions to my entire satisfaction, and their etforts have been of great assist- 
ance to me. 

The process of printing letters and figures on the manuscript maps mentioned in 
last report has been in constant use during the year, and has now established itself 
as a standard method. 

It is therefore deemed proper to give in some detail a description of the appliances 
and the method of their use. This is furnished in the following extract from the re- 
port of the chief of the topographical division: 

" STAMP FOR LETTERS AND FIGURES. 

"This consists essentially of a piston carrying a type-holder in which words may 
be set up from common type, and a supporting frame. The piston is carefully fitted 
so as to move smoothly in a plane at right angles to the base of the frame. A spiral 
spring in the piston raises it from the paper after the impression has been made. The 
base of the frame is made so that the sides are parallel and at right angles with the 
line of the type whetj in the holder. By means of a ruler or T square the letters may 
be made always vertical and the different words in parallel lines. Words in curved 
lines may be made by using single letters, or by means of an elastic frame in the type- 
holder, which could be curved by an opposing screw. 

** Words can be printed in any desired position by inspection or by pasting paper 
on the bottom and cutting out the same on a line along the type and marking in 
pencil the position of the word. The styles of lettering are only limited by the va 
piety of type used. In the preparation of ordinary topographical maps it is desirable 
to have ten small fonts of letters, and figures for each, except those for State names 
and titles. 

"When the same word occurs frequently, as in the cases of kinds of timber, char- 
acter of river bed, numbers of contours, &c., the printing is done very rapidly. Even 
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where it is necessary to set up and distribute the type for single wor<^s it is iQuch 
more rapid than hand work. 

'*In printing soundings, three disks are used. They are made with slots for the 
ten digits, and the figures fitting in snugly are held in place by friction. They can 
readily be replaced by new type when they become worn. It is evident that by the 
use of three disks any combination of figures from to 999 can be made by revolving 
the disks so as to form the required number. After the desired combination is made, 
the figures are inked, and the disks all turned together down to an index, which shows 
when they are in proper position to print evenly. After inking they are then pressed 
against the paper at the point where the figures are desired. 

'^The best quality of printer's ink is used, and it is applied with a small roller made 
from the common roller composition." 

Mr. Ockerson has continued his inquiries an'd experiments in this field, directing 
them to the development of means and methods for printing the conventional signs. 
The success thus far attained is set forth in the following extract from his report: 

" HAND PRESS FOR PRINTING CONVENTIONAX SIGNS ON MANUSCRIPT MAPS. 

'^ The first thing necessary in resorting to mechanical means for printing conven- 
tional signi^ is to obtain accurate types or molds from which stamps can be cast. 
Several efforts were made to engrave the signs in wood, but the results were never 
satisfactory. Experiments were then made in photoelectrotyping from small draw- 
ing, and after a number of trials a good electrotype was finally produced. Careful 
drawings were then made on sheets 6 by 14 inches in size, and accurate electrotypes 
obtained. These are the standards, and are never used except for the purpose of pro- 
ducing working stamps, which can be. multiplied without limit. 

^' The drawings were prepared especially for maps which are to be reduced from scale 
of 1:10,000 to 1:20,000 by means of photolithography, and published by combining 
several detail sheets. 

*' The signs themselves are entirely satisfactory, and it remains to solve the minor 
details of manipulation.'' 

With this in successful operation the only hand work on the maps will be the pror 
jections and outlines ; a state of affairs in which the word ''manuscript " will be almost 
a misnomer. 

For details of expenditures I beg to refer the committee to the itemized statement 
submitted to the Commission. 

SMITH S. LEACH, 
First Lieutenant of Engineers^ Secretary, 

General C. B. Com stock, 

President Mississippi Commission y 

Chairman Committiie on Surveys and Examinations, 



A 1. 

REPORTS ON HIGH-WATER OBSERVATIONS, 

1. — Yazoo front for flood op 1882. 

(By J. B. Johnson, United States Assistant Engineer.) 

Office Mississippi River Commission, 

Saint Louis f Mo.^ April 27, 1882. 

Sir : I have the honor to report upon my high-water observations on the Yazoo 
front, made March 13 to 19, 1882. I very much regret that circumstances have forced 
me to present the results of my observations before I have had the time to make a 
study of various data bearing directly on the facts of this report. I submit, there- 
fore, my determination of the discharge of fiood water into the Yazoo bottoms, with 
the methods by which they were obtained, and can barely hint at some of the lines of 
research which should be pursued iu this connection, and some of the very important 
results which should come from such investigations. I have had but two weeks' time 
to give to this entire report since returning to the office, which has proved entirely in- 
adequate to the demands of the case. 

I left Saint Louis March 10, on board the U. S. S. Emma Etheridge, arriving at 
Memphis Sunday, March 12. There I received your written instructions, sent from 
Louisville. They were of the most general character, simply, asking me to find as 
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acoarately and rapidly as possible the amount of water escaping through the levee 
and'otherwise into the Yazoo bottoms, from Memphis to Yicksburg. Since the river 
had fallen nearly a foot, and was falling from one to two-tenths of a foot a day, it was 
evidently essential to prosecute the work with the utmost dispatch consistent with a 
fair approximation to correct results. I was not expected to stop at any one ontlet in 
order to make a series of experiments bearing on the law of flow of water through 
crevasnes. 

I left Memphis March 13, and stopped that night at Norfolk Landing, at the outlet 
of Horn Lake. Here the business commeuced. It is called 400 miles from Memphis 
to Yicksburg. This stretch was examined in six days. I was three days, however, 
in going from Norfolk Landing to Helena, a distance of about 60 miles, with 106 out- 
lets. 

From here to Mound Place, a distance of 150 miles, 41 outlets were examined in 1| 
days. From Mound Place to Yicksburg, 160 miles, there were no outlets on the Mis- 
sissippi bank. I therefore estimated or measured the discharge through 147 outlets, 
reaching over a distauce of 210 miles, in 4^ days, being an average of 33 outlets and 
47 miles of river per day. 

From Commerce to Glendale, 45 miles; Friar's Point to foot of Island 64, 20 miles; 
from Kiverton to Clark's Landing, Lake Benlah, 10 miles, and Catfish Point to Eutaw, 
13 miles, I followed the line of the levee continuously in a skiff, seldom getting out of 
sight of it. This gives a total of 8H miles by river, but it was probably not more than 
75 miles by levee. This work was very laborious, since it was mostly i hrongh the 
woods, where the difficulties of propelling a skifi* were very great. The levee on these 
stretches was often many miles from the river, and the breaks were so numerous, and 
flow over the levee so great, that it was to md necessary to follow it rigidly in order 
that no outlets should be lost. For the rest of the distance the outlets consisted of 
large breaks in the levee whose locations were well known to people who could be 
seen at the landings, and they were generally close to the channel of the river, so 
that I came to each locality by steamer, and then' took a skiff and went out to the 
break. 

My assistance consisted of the mate of the Etberidge, who did all the soundingi 
«nd the boatmen engaged on the steamer. 

I. — General deaoHptian of overflatv into Yazoo Swamps, 

The outlets for flood-water into the Yazoo bottoms are of three kinds: 

First. Over the natural surface of the banks, where the levee has caved off into the 
river. 

Second. Over the top of the levee. 

Third. Through breaks in the levee. 

It is a very noticeable fact that there are no outlets into the Tazoo hefow the natural sur- 
face of the bavk. In tnis respect this bottom differs from the Saint Francis, as well as 
the Red and Atchafalaya river bottoms. There are many bayous leading from the 
Mississippi into the Saint Francis from 6 to 12 feet below the top of the bank, so that 
a stage of water 5 feet below the surface of the bank furnishes a very perceptible 
supply' of water to the Saint Francis swamps. This is not the case with the Yazoo. 
The flood-waters enter this bottom over the bank in but two places, at and above Star 
Landing (De Soto Front post-office) for a distance of 9,300 feet, and opposite Island 
^4 for a distance of 3,300 feet. In both places the levee has caved oft' into the river. 

Just above Sunflower Landing (Island 66) the old levee on river bank is gone for 2 
miles. The levee from bolow, however, turns here anil runs back some 8 miles to the 
Friar's Point county road, which is raised a few feet above the natural surface of the 
cround. As the river rises over its banks, which here are 5 or 6 feet below top of this 
Sood, the water enters this open country, but after the levees broke above, there 
being a natural drainage towards the river at this point, the water flowed back to 
the river through this two-mile break. The water that entered here probably never 
reached the Yazoo, but was cutoff by the Friar's Point road and Sunflower levee above 
mentioned. 

At the height of the flood the water discharged over the top of the levee in almost 
one continuous sheet from a point 3 miles below Commerce to the railroad embank- 
ment back of Glendale, then at frequent intervals as far as Inland 64. From Sun- 
flower to the lower line of Issaquena Count3% Mississippi, 30 miles above Vicksburg, 
the levee was intact previous to this flood. This levee is under direct control of the 
levee board of Bolivar, Washington, and Issaquena counties. As the water neared 
the top of it the levee was raised from 1 to 3 feet on almost the entire distance, as far 
at least as Mound Place (100 miles by river), but the river raised over it in many 
places for miles together, especially in the vicinity of the mouths of White and Ar- 
kansas rivers and around Cattish Point. This would often cause large breaks in the 
levee, which would furnish sufficient relief to lower the wa'er below the remaining 
ievee surface. 
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Wherever the levee wasbnilt of ** hiickshot" or " bagasse " soil, however, the wear 
was very slow, and in many places the water bad been rnnnin^ over four or five 
we*»kR without weuring down the top of the levee more than 1 foot. 

The water coiuuienced running over the levee in vicinity of month of Saint Francis 
and above February 12, and on March 14-16, the river having fallen 6 to 14 inches, 
the water was found running over 17,300 feet of levee from Commerce to Glendale, 
aside from 29,500 feet of crevasses where the levee was partly or wholly gone. At 
and below Austin the river had fallen 12 to 14 inches, but the water had overflowed 
almost the entire levee at top of flood. 

On March 17-19 the water was not found running over the levee at any point 
below Glendale, although all the breaks below there were caused by water running 
over the top, and it doubtless did run over in many places for a short time where no 
breaks occurred. 

The most of the water, however, which entered the Yazoo bottomry escaped through 
breaks in the levee. From the tabulated discharge it appears that at least 90 per 
cent, of all the water escaping from the Mississippi into the Yazoo bottoms went out 
through these crevasses and 80 per cent, escaped through twenty breaks, that being 
the number of discharges of 10,000 cubic feet per second and upwards. One hun- 
dred and eleven discharges through crevasses were s»'en and measured or estimated 
on the line of the levee from Horn Lake to Mound Place. Twenty -eight occur below 
Sunflower, in the "Lower District," where the levee has been well kept up. The 
** Upper District," extending from the hluff^s below Memphis to Sunflower, has been 
abandoned since the flood ot 1874, and. though having very few breaks in it, it had 
been worn down in many places, and in the three places mentioned above the levee 
had caved into the river. 

There were two localities on the Yazoo front where the flood waters, having escaped 
over or through the levees above, were forced back to the river again below. One is 
at McKinney Bayou, 2 miles above Austin, and the other is just above Sunflower. 
The former is caused by an intervening ridge, but the latter is only the natural drain- 
age across a point where the levee is caved off bfelow. 

The levees broke at Mhoon's Landing, 7 milesabove the mouth of McKinney Bayou, 
February 12. This water was so obstructed by high land between here and Cold- 
water Creek that in four days (February 16) it commenced running over the top 
of the levee back iuto the river 3 miles below Mhoon's, and for almost the entire dis- 
tance to the mouth of McKinney Bayou, which was four miles. On February 18 the 
levee across the mouth of the bayou (which had a culvert in it for drainage of swamp 
water back to river) broke, and on March 15 the bayou proper was discharging 10,300 
cubic feet per second. The highest water occurred here March 5, and on March 15 it 
had fallen 14 inches. At this dat-e I found 14(),000 cubi'*. feet per second passing out 
of the river at and above Mhoon's Landing, and only 84,000 cubic feet coming back to 
the river at and above McKinney Bayou. The balance, some 62,000 cubic feet, passed 
back into Cold water and on to the Yazoo. From Maj. G. M. Helm, chief engineer 
of the levee board for the Lower Mississippi <Ustrict, I have learned that on April 
21, which was the height of the flood in that locality, there wereeijrhty breaks in the 
levee from the lower line of Issaquena County up to Cottonwood, 10 miles above, 
caused by the Yazoo overflow pouring out, back to the river again, over the top of the 
levee. Cottonwood is 48 miles above Vicksburg by river. The maximum width of 
these breaks is 6,880 feet. 

II. — Methods employed. 

In regard to the methods employed to obtain these discharges, I wish to say in ad- 
vance that they were only intended to l>e approximate. The rapidity with which it 
seemed necessary to do the work would not admit of any elaborate study or series of 
observations at any one locality. 

I shall try to describe f he methods employed in sufficient detail to enable one to 
enter a fair judgment of the reliability of the results. This, I am aware, is the more 
necessary since the magnitude of the overflow seems without reliable precedent. 

In the flrst place, I may say that where the outlet was small, either over the levee 
or through a small break, both the width and velocity were generally estimated ; but 
where the discharge seemed large, the cross-section and surface velocity were obtained. 

The discharge over the bank was found by estimating the width of outlet (which 
was afterwards checked up by the charts or maps in the office), sounding the depth 
at intervals and running a surface float. But since, as stated above, 90 per cent, of 
the entire output into the Yazoo was through twenty crevasses, each of which dis- 
charged more than 10,000 cubic feet per second, it becomes evident that if the large 
outlets were carefully studied the smaller ones might well be hastily inspected without 
introducing any large errors in the result. 

It was very important, however, that all outlets, whether large or small, should be 
seen by the engineer himself, if for nothing else, that he might know that the discharge 
was of little consequence. There are many ways of arriving at the approximate die. 
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charge of a crevasse, simply by looking at it. If the observer approaches the crev- 
asse in a skiff, from either side of the levee, he can form a very good idea of the dis- 
charge from the current setting toward or from it. These breaks are almost always 
in the woods, or, at leuat, there are trees on one or both sides of it, and a person famil- 
iar with forests can tell something of the depth of the water by looking at the trees 
and bushes standing in it. If, however, the observer is in a skiff, he sooiids for the 
depth of water with his oar, and if this is not long enough he has his leadsman cast 
his lead. Learning thus the only fact which is not directly visible, he estimates the 
width of the crevasse (or the length of an arc of a circle around in front of the crevasse 
on the line of his soundings), and he also estimates the velocity in feet per second,. by 
throwing in chips and ticking seconds in his mind and estimating the distance trav- 
eled. In this way he can readily arrive at an appixiximation to the discharge and 
know whether it is worth his while to stop with such an estimate or to employ more 
elaborate means to determine the discharge. I shall refer to these more accurate 
methods again. 

I wish here to emphasize the reliability to a tolerable approximation of these 
methods of estimating. 

The estimate is usually made on a section outside or inside of the line of the levee. 
A few soundings are made on this section, as the skiff moves along in front of the 
crevasse or overflow, and the depth of the section determined. If the discbarge is 
small the skiff will probably not be stopped. A fair approximation to the velocity 
of the water can be made by st^eing how rapidly it passes the trees on the line of our 
section. After having made a great many accurate measurements of surface velocity, 
by means of a float, one can closely estimate the velocity by seeing it pass any obstruc- 
tion. Knowing then the depth and velocity on our section, we know the discharge 
m cubic feet per second per linear foot. 

If the water were 8 feet deep on the auxiliary section and has a velocity of 1 foot 

rir second towards the levee and only the top of the levee seems to be washed off, 
would call the depth on levee 2 feet and velocity 4 feet ; if all the levee seems to be 
washed out I could say depth = 4 feet and velocity =2 feet; in both of which cases 
the discharge is 8 cubic feet per second per linear f«»ot. 

This coefficient of reduction from surface velocity to mean velocity will be consid- 
ered later. 

This method of estimating will account for so many even numbers in depth and 
velocity columns in the table of discharges. The width of discharge is then esti- 
mated (width taken as the length of our auxiliary section) and the observation ia 
complete. This, as I have said before, is tor small discharges. 

It may well be said that such methods would involve very large personal equations 
— that two persons might arrive at very different results. This, of course, must be 
granted, but, in justice to myself, I should speak of my long experience in pacing 
distances as a rodinan on precise level work, aud later as an observer in the same 
kind of work where the distance is always paced and then determined by the wire 
interval on the rod. The observer's mind is constantly engaged in estimating dis- 
tances, all of which estimates are at once checked up by the rod readings. One 
learns in this way to estimate distances of 100 to 300 feet very closely. Our distances 
in leveling are always given in meters, and so I find I can estimate a distance in 
meters much better than when I try to think in feet. When the width of a crevasse 
was measured by stadia, in this work, it was always obtained in metera too, so that 
the prevalence of such distances as :^U or 660 feet in the table is explained by their 
having been estimated as 100 or 200 meters. 

I think I may say, too, that from my childhood I have been accustomed to hear a 
pendulum clock tick seconds, and that I have only to imagine myself as keeping 
time with the old clock in order to mark seconds very closely. 

So much for the estimates which appear in this report. Such means of determin- 
ing discharge were not used for more than '^0 per cent, of the whole amount of over- 
flow into the. Yazoo. I may say, however, that the width of a crevasse, or the length 
of the section across which discharge was taken, which was usually greater than the 
width of the crevasse, was often estimated when the section'was carefully sounded, 
and when the surface velocity was obtained by float. This was done because to get 
the width by stadia the skiff would have to pass from one side of the crevasse to the 
other three times in order to set the observer on oue side, the stadia man on the other, 
go back for the observer, and then pass on along down the levee. This passing of the 
skiff Was often dangerous unless it took a wide circuit around to avoid the rapid cur- 
rent, aud then the time required was too great. The width was most ditficult to 
measure, therefore, aud most readily estimated, aud hence it was often estimated 
when all other data was measured. 

I think the error of estimates on such distances would not exceed 10 or 15 per cent. 
When, however, the discharge per linear foot was seen to be great, as for a deep sec- 
tion with rapid current, the width was measured by stadia, if possible, and it nearly 
Always was. 
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ft 

The soundiDgs were made by the mate of the Etheridge, an experienced leadaman, 
with a 12-pound lead. 

The velocity, when measured, was fonud by means of a regular ship's log, present- 
ing 18 square iuches of snrface to the current, the line being a small sea-grass fish- 
Une^ running on a fishing- reel, with the least possible amount of friction. The line 
was tagged with different colors every 10 feet, and the reel was provided with a catch 
which could be thrown and the run of float stopped instantly. In using it my leads- 
man held the watch and called every five seconds — as ** Tick — five— ten — fifteen," &o. 
I noted what part of the line was running off the reel at the initial ^* tick," and would 
then throw the catch at some even five seconds. 

The line was about 120 feet long, and from 80 to 100 feet was usually allowed to 
run out. If 80 feet had run out in twenty seconds, the velocity was recorded as 4 feet 
per second. This velocity was obtained, of course, across the line of the section 
sounded. 

There are but four estimates in the tabulated list of discharges that were not made 
upon personal inspection and observation. They are — 

t 

OUTLETS. 

Cnbio feet 

Horn Lake discharge 1,000 

Thompson Place discharge 12, 000 

Lake Beulah discharge 14,700 

Total discharge 27,700 

RETURN PLOW. 

Above Sunflower 37,000 

Making a net reflow back to the river of 10,000 cubic feet per second, based on facts 
not obtained by direct personal observation. 

I tried to reach the Horn Lake break on the evening of the 13th of March, by row- 
ing up the Horn Lake pass, but the current out was so strong that I succeeded in 
going only about 2 or 3 miles. The data obtained are thought to be tolerably reliable. 
This break had flooded the entire country back of Norfolk Lauding, clear up to the 
levee on the river front. The discharge given (1,000 cubic feet) is therefore rather 
too small than too large. 

The breaks on the Thompson Place were not visited because I knew I could get very 
reliable information from Captain Stancell, levee contractor, and because it would 
have delayed the work a half day. I saw a break some two miles above and another 
some three miles below, and so could form some satisfactory estimate of the velocity 
the water would have, for the fall through the levee would be about the same. 

For the breaks on Lake Beulah that were not visited, I have this excuse. The 
steamer had gone from Riverton around to Clark's Landing in Lake Beulah, and I 
started to follow the levee in a skiff. After passing Judge Miles's the difQculties of 
getting a boat through became so great .that I found I could not possibly follow the 
levee all the way to Clark's before dark. The levee also was very low — about four 
feet — and for the two or three breaks found in it the current was only three feet per 
second. At Clark's I learned that Walter Helm, assistant engineer to Levee Board, 
had just made a personal inspection of all that line of levee, and I could learn the 
facts from him at Greenville, which I did. 

For the return flow of water to river above Sunflower, my data is more nnsatisfac- 
tory than for any other portion of the discharge. I had been told^ before starting out, 
that the levee above Sunflower ran eight miles back from the river and then straight 
to Friar's Point. At Friar's Point I learned this was a mistake, and that the levee 
came to the river again in the next bend below. I followed the levee continuously 
firom Friar's Point to Island 64 and found that my first information was wholly erro- 
neous. At a point nearly opposite Saint Louis Landing I found a small break in the 
levee where the water was running back to the river. This was some five miles above 
Sunflower. They told here that the levee was complete to Sunflower. I therefore 
took steamer to Sunflower, and was there told again the same story. They must have 
meant the levee running straight back from Sunflower to the Friar's Point road, which 
was intact. I therefore passed on down. On arriving at the office and consulting the 
field sheets of last winter's survey, I find that the old levee that follows the river from 
Friar's Point down has caved off in the river for two miles above Sunflower, and As- 
sistant Engineer J. A. Ockerson says that in the high water of 1881 water was run- 
ning out of this opening into the river. He also furnished me with the elevation of a 
high-water mark of 1881 at this point, and the general elevation of the bank referred 
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to same datiim. Knowing the excess of flood of 1882 over that of 1881, 1 derived the 
average depth of water over thin section for this flood. From the field sheets it is 
evident there is a natural drainage back to river here from the betid above, and from 
the observed velocity through the break five miles above, I thought there might be 
an average surface velocity of one foot per second back into the river for this entire 
section of two miles width. This gives a return flow at this point of 37,150 cubic feet 
per second. 

In appendix to this report will be found a tabulated list of all discharges, wLether 
out of, or iuto the Mississippi River, on the Yaz.io Front, from Memphis to a point some 
48 miles above Vicksburg, where the Yazoo conmences discharging, even over the levees, 
back into the Mississippi. No data were obtained on this discharge at the mouth of 
the Yazoo. This table furnishes — 

(1) The approximate location of the outlet. 

(2) The kind of outlet ; whether over bank or levee, or by creva^BSe in levee. 

(3) Date of first discharge, or date of break in case of crevasse. 

(4) Date of obMcrvation. 

(5) Stage of water below the maximum at time of observation. 

(6) Width of outlet. 

(7) Mean depth of outlet. 

(8) Surface velocity of water. 

(9) Discharge iu cubic feet per second. 

(10) The partial summation of discharge for the several sections of the river. 

(11) The continued summation of the net discbarge from the Mississippi River into 
the Yhzoo Swamp. 

The date of the break was obtaiued iu nearly all cases from people in the vicinity, 
and when this could not be done, it was taken as the date of the water commencing 
to run over the top of the levee. 

A column giving '^ cause of break'' would have been added, except that in all cases 
but two the breaks were caused by the water running over the top. In one of these 
cases the levee was supposed to have been cut, and in the other, which was the upper 
break at Bolivar, there was an escaping of water at the bottom for several days, and 
then the levee gave way all at once, bottom first apparently. This could have been 
prevented by building a ** run-around," but the forces were all exhausted, having for 
days and almost weeks been working night and day in raising the tops of the levees. 

The methods of finding width, depth, and velocity have already been discussed. 
The coefficient of reduction from surface to mean velocity has, however, not yet been 
treated. And this is, I think, the most uncertain element in the whole problem. I 
have used 70 per cent, as the ratio of mean to surface velocity. I can give no better 
reason for using this ratio than the general fact that this is about the smallest ratio 
on record for this relation in natural channels, and my judgment is that this is about 
right for crevasses. The whole question of the flow of water through a channel of 
rapidly diminishing depth, which is about the same as that over a submerged weir, 
seems as yet almost wholly unsolved. Where the flow through a crevasse is over the 
natural surface of the ground, with no excavation or ^* wash" on the line of the levee, 
as was the case at Trotter's Landing, the relation of surface to mean velocity would be 
that of ordinary flowing streaius, perhaps, but where there is a deep gorge washed out 
from the river bank, as at Rivertou, or on Sunflower Lake, below Austin, which may 
be 30 or 40 feet deep in the line of the levee and between it and the river, but rapidly 
shoals up after it passes the line of the levee where the water can spread in all direc- 
tions — in such a case, there can be no doubt that the ratio of mean to surface is much 
less than where the depth continues indefinitely. In the case of a deep hole excava- 
ted in the line of the levee, also, the ratio of mean to surface is very different from 
that of ordinary streams. In this case, however, I usually tried to get a section out- 
side of the " wash." Where I could not do this, as was the case at Austin and at Bol- 
ivar, 1 would decide whether or not the entire section should be considered available 
for discharge. In two cases at Austin I thought that about one-third of each cross- 
sectiou should be deducted for the effect of the eddies near each side, but in no case 
have I deducted anything for depth. The reason for not doing so was that in all 
cases where these holes existed, their effects were at once evident from the sudden 
checking of the velocity, and the vigorous boiling of the water as soon as the deep 
section was reached. The rapid exchange of position vertically, of the particles of 
water, caused by these immense boils, would, of itself, tend to give a uniform velocity 
to the entire cross-section. This checking of the current was so marked that in some 
places it was evident that the surface velocity must be compensated by a more rapid 
velocity below. A very valuable observation, bearing on this subject, was obtained 
at the upper Bolivar break. 
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This break, as measured by stadia, was 1,150 feet wide. The npper balf of it was 
Inst back of a large hole which had been excavated by a previous break. On the 
lower half the levee had gradnally washed oif, but without excavating any hole. The 
mean depth on the upper half was 39 feet, the maximum being 48 feet. The mean 
depth of lower half was 14 feet, depth being very uniform. The levee here was about 
a quarter of a mile from the river and back of an open grove of second growth cot- 
ton woods. There was a fall of about 2 feet from the river bank to the line of the levee, 
and an apparently uniform slope through the levee. The depth of overflow outside 
the levee was very uniform, being from 12 to 14 feet. The water passed into thia 
break from all directions with a uniform velocity, the discharge per linear foot evidentlj^ 
heing nearly uniform Jor the entire croHS-seciion. 

The surfact^ velocity in the deep section was found, by float, to be 2^ feet j>er sec- 
ond (being 75 feet in 30 seconds), while the surface velocity on the shoal section waa 
6 feet per second (being 90 feet in 15 seconds). 

Applying our coefficient of i^ to reduce surface to mean velocity, we obtain a dis- 
charge per linear foot of 68 cubic feet on the deep section and of 59 cubic feet on the 
shoal section. This is an extreme caHC, and we obtain a discharge in the deep section 
15 per cent, greater than in the shoal section, which is doubtless quite within the limits 
of error for each measurement. 

So far as my observation goes, therefore, I think little or no deduction should be 
made for the depth of the hole, provided a fair average surface velocity could be ob- 
tained. The prevalence of this disturbed condition of the surface makes it difficult to- 
obtain a surface velocity which will be near the average. For this reason it is best to 
try to get the section for discharge where there is a more even flow. I am sure it is a 
grave error to assume that the rate of flow across one of these holes is the same as 
though there were no excavation there. The most casual ol»servatiou would correct 
such an impression. I do not think the existence of the enlarged section would mate- 
rially increase or diminish the flow of water across it, but I do think that when the 
surface velocity is taken across the enlarged section, the entire cross-section should 
be used, except when there are well-defined eddies at the sides. 

As to what coefficient should be used to reduce to mean velocity, I know of no way 
of determining it except by obtaining vertical velocity curves for the various condi- 
tions. Even then the new local conditions found at every crevasse would so modify 
the problem as to make it inapplicable. 

"When I started out I obtained permission to engage a number of observers to read 
a gauge outside and one inside the leVee at the most important crevasses, and also to 
note the rates of widening of the crevasse from stakes on top of the levee that I would 
locate. I thought in this way to obtain data that could be used in deriving some 
formula for computing the flow through the crevasse for the remainder of the flood. 
I was soon convinced, however, after taking the field, that no data obtained at one* lo- 
cality could be applied at another, for it is the local conditions, far more than the slope 
through the crevasse, which determines the discharge. I therefore abandoned the 
scheme. The conditions here referred to are such as trees and bushes on one or 
both sides of the break, obstructions in the crevasse itself, such as fallen trees, and the 
Telocity of the water towards the crevasse as it approaches the opening. In the case 
of the Bolivar break, the one above Delta, and many others, the water came pouring 
down through the woods with a tremendous current, and entered the crevasse at 6 to 8 
feet per second. Here it was checked up to 2 or 3 feet per second if there was a deep 
wash-out, but if there was little enlargement of the section it passed light on through 
-with about the same velocity, and perhaps with very a little fall, through the levee. On 
the other hand, if the discharge was not sufficieut to give the water a strong entering 
current, or if the crevasse was on the river bank where the water had full and free ac- 
cess to supply the discharge without generating any great velocity, the fall through 
the levee might be 1 or 2 feet without creating a velocity of more than 3 or 4 feet on 
the line of the levee. Data obtained, therefore, from an elaborate study of one cre- 
Tasse would probably give vicious results when applied to other localities. 

A good example of this is seen in Humphrey and Abbot, pp. 283-301. A formula ob- 
tained from a study of the Bell crevasse was applied to the crevasses on the Yazoo 
front in 1858, and tlie computed discharge would have drained the river dry before reach • 
ing Yicksburg. By an elaborate investigation an efi'ort was made to find what the 
discharge into the Yazoo should have been, and so a coefficient of correction was ob- 
tained to apply to the formula when used for other localities, and this coefficient was 
i. It was concluded therefore that the formula gave three times too large a d scharge* 

If it isthoughtthatthecoefficient of .7 is erroneous, any othercan be readily applied ly 
dividing the total discharge by .7 and multiplying by the new coefficient. I can only 
give it as being in Jhy judgment, and the light of such data as I have, very nearly 
oonreet. 
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From the labulated discharge in the appendix we may make the following — 

SUMMARY FOR YAZOO BOTTOM. 

I. — Ja to locality, 

Cnbic feet per second. 

Outflow above Mhoon's 146,000 

Return flow, Mhoon's to McKinney Bayou 64,000 

Net outflow to McKinney Bayou 82,000 

Outflow, McKinney Bayou to Austin 40,000 

Outflow, Austin to Glendale 168,000 

Outflow, Glendale to Island 64 177,000 

467,000 

Return flow at Sunflower 37,000 

Net outflow above Sunflower 430, 000 

Outflow, Sunflower to Concordia 59,000 

Outflow, Riverton break 107,000 

Outflow, Lake Beulah 32,000 

Outflow Bolivar breaks 128,000 

Outflow, Cattish Point 6,000 

762,000 
Return flow on Catfish Point 1,000 

Net outflow above Catfish Point 761,000 

Outflow at Mound Place 21,000 

Total net overflow into Yazoo 782,000 

II. — A$ to time. 

Outflow, January 21, 1882 20,000 

Outflow, February 10, 1882 40,000 

From breaks occurring February 10 to 19* from Austin to Island 64, resulting 
^from the first Helena rise, there was a net discharge February 20 of, say .. 320, 000 

360, 000 
From flow back to river over levee and through McKinney Bayou break, 
which occurred February 18, there was a return flow February 20 of about. 40, 000 

Net overflow February 20 320,000 

From breaks occurring February 28 and March 1, with increased discharge 
of upper breaks, there was a net iocrease of above overflow by March 5 of, 
say 300,000 

• _ 

Net discharge March 5 620,000 

From breaks occurring March 5, together with increase of discharge of other 
breaks, there was a net overflow March 9 (being the maximum stage at 
Memphis, Mhoon's, and Helena) of, say 180,000 

Net discharge March 9 800,000 

From direct observations the net discharge March 14, 1882 780, 000 

From an inspection of the gauge curves I would think the discharge had dimin- 
ished to 100,000, or perhaps 50,000 cubic feet, by April 20, when the river had fallen 
7 feet at Helena and 5^ feet at Arkansas City, below its maximum. 

I do not think a very fair estimate could be made of the time of ceaning to over- 
flow, for it will depend largely on the amount of shoaling back of the large breaks. 
It is well known that great quantities of sand are deposited over the natural bank 
back of these large discharges, which sometimes will raise the surface several feet, 
and so cause the discharge to cease that much sooner. 

The analysis of the overflow given above is accurate a« to locality, but the estimates 
as to time cannot be relied on with any degree of certainty. The dates of breaks as 
given in the table of discharge are reliable, and with sufficient time and study one 
might derive a fair approximation to a curve of discharge into the Yazoo ftom, say, 
January 21 to April 21, which are about the limits of flood discharge. 
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The following table gives an analysis of the widths of the discharge sections : 



Kind of overflow. 



Width over bank 

'Width over levee 

Width through crevasses 

Totals 

Totals in miles — 



Ontlet. 



12,e00 feet 
10,640 feet 
87,000 feet 



66, 240 feet 



12. 5 miles. 



Betnrn flow. 



10,500 feet 
8,040 feet 
4,890 feet 



23,430 feet 



4. 4 miles. 



Total submerged. 



28,100 feet 
24,680 feet 
41,890 feet 



89,670 feet 



16. 9 milea 



4.4milesi 
4. 6 miles. 
7. 9 miles. 



16. 9 miles. 



IV. — DUouasUm of result 

The above is as thorough an analysis of the observed facts as I have had time to make. 
If proper maps were accessible it would be interesting and profitable to study the 
direction and course of the flood waters after passing the line of the levee. 

Another profitable line of research is the effect these outlets had on the stage of 
"water, velocity of current, shoaling of bed, &c. 

Their effect on the stage is in many cases plainly apparent on the gauge curves, 
submitted with this report. 

GAUGE CURVES. 

I have plotted the curves of eight gauges on tbe Mississippi, one on the White, and 
one on the Arkansas Rivers, from Noveniber 2 to April 22, and of seven others on the 
Mississippi below Cairo, through the period of the flood. These are found on Plate I.* 

On Plate II will be round the gauge-curves of six points on the Mississippi, viz, 
Cairo, Memphis, Helena, mouth of White River, Lake Providence, and Vicksburg. 
These curves are made to coincide both as to time and elevation. For elevation 
they are all referred to extreme low water at their several localities, and for time 
they have all been made to coincide with the Cairo curve, by moving the other curves 
bodily to the left as many days as it took the December wave to travel from Cairo 
to the given point. In this way the sharp and exceedingly symmetrical December rise 
has been used as an index by which to locate the carves on this plate. 

The curves in Plate I are plotted directly from their gauge readings, without any 
reference to low water or any common datum. They all seem to have retained the 
same zero except that at Mhoou's Landing, which was evidently moved about a 
foot between March 21 and 26. 

By comparing the Cairo and Helena curves on Plate II, one can see at what stftge 
the water commences to escape into the Saint Francis swamps from the Mississippi. 
It is at 36 feet on the Helena gauge and 29 feet on the Memphis gauge. This is shown 
by the divergence of the two curves at this point. The river at Helena ceases to rise 
as rapidly as at Cairo, comes to a maximum seven days after it would have done had 
the river been within its banks, being January 10, instead of January 3, for a maxi- 
mum at Cairo on December 31. Then for a fall at Cairo of 2)- feet we have a fall at 
Helena of two- tenths of a foot before the next rise at Cairo forced it up again. 

Until the water commenced to escape into the Yazoo, January 21, the whole story of 
the relations of MisHissippi to Saint Francis is told or. at least, indicated by the re- 
lation of these two curves (Cairo and Helena). (See Plate II, Fig. 1, December ^- 
January 21.) 

In this connection, the December rise, from 24 to 34 feet, and back to 22 feet, all 
from November 2 to December 16, is of great benefit. Here the river did not get 
above its banks, neither did it escape through any of its outlets into the Saint Francis, 
and the curves are not only strictly similar, but at Cairo and Helena they are almost 
identical in position ; also at mouth of White River and at Vicksburg. These two 
latter, however, are some 2 feet higher throughout this entire period, owing to a ris* 
of 8 feet in the White River and of 3 feet in the Arkansas. 

A very noticeable feature of the Memphis curve is, that for all its stages it is far 
below both the Cairo and Helena curves. At time of overflow this would be expected, 
as a result of the Saint Francis swamp overflow, but we see that a 21-foot stage at 
Cairo and Helena (being exactly the same elevation at the two points — see Plate II, 
Fig. 1; corresponds to a 14 4-foot stage at Memphis. Also a 34 to 35 foot stage at 
Cairo and Helena (top of December rise) gives only a 26.2-foot stage at Memphis. 
The top of this wave was wholly within the banks, with no escape from outlets. 
For the maximum of January 1, where there was a small discharge through bayous 
into the Saint Francis, a stage of 40.6 at Cairo and 39.5 at Helena gave but 30.4 at 
Memphis. 

For the next maximum, January 31, with a large eldcape into the Saint Francis, a 
stage of 48.8 feet at Cairo, and 46.7 feet, ten days later, at Helena, gave but 35.3 feet 
at Memphis. 



H. Ex. 64- 



'These plates have not been published. 
4» 
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For the highest point of the flood, aboat Febraary 28, a stage of 53 feet at Cairo, 
md of 47.2 feet at Helena, gave bnt 36.1 feet at Mempis. 
Using extreme low water for a common datam, we have, therefore^: 



Stage of 


Stage of 
Helena. 


Mean of 

Cairo and 

Helena. 


Stage of 
Memphie. 


Mean Cairo 

Mid Helena 

minus Mem- 

phin. 


Remarks. 


6.4 
17.6 
21.0 
3i.2 
40.6 
48.8 
53.0 


6.3 
17.4 
21.0 
34.8 
39.5 
46.7 
47.2 


6.85 
17.46 
21.0 
34.6 
40.05 
47.76 
50.1 


2.1 
11.75 
14.4 
26.2 
30.4 
35.3 
36.1 


4.25 
5.70 
6.6 
8.8 
0.65 
12.45 
14.0 


Ko swamp discharge, September, 1881. 
No swamp discharge, November, 1881. 
No swamp discharge. 

Do. 
Small swamp discharge. 
Large swamp discharge. 

Do. 



A curve showing this relation is herewith presented. Plate U, Fig. 2. 

The common datum of extreme low water was for Memphis and Helena, December, 
1872, and that for Cairo was 1871. It is probable the Commerce Cut-off and other 
changes since these dates have changed the low- water slope so that the same extreme 
low-water stages at Cairo and Helena would give a stage 3 or 4 feet lower than that 
of 1872. To show this change of the regimen of the river at Memphis, relatively to 
Cairo and Helena, since the cut-off at Commerce in May, 1874, 1 have taken a seriea 
of maximum and minimum stages at these three points for 1873 and 1874 : 



Date. 



October, 1873... 
November, 1873 
January, 1874 .. 
January, 1873 . . 
December, 1873 
lCaroh.1874.... 
May, 1874 



8 

s 

QO 



3'. 05 
13'. 8 
12'. 9 
24'. 
84'. 48 
45^.0 
48'. 37 



I 

w 

o 
9 

1 

QQ 



4'. 05 
12'. 4 
18'. 6 
23'. 
33'. 50 
42'. 4 
45'. 82 



8 



4'.0 
13'. I 
13'. 2 
28'. 6 
84'. 
43'. 7 
47'. 1 



§ 
a 

I 

GO 



2'. 9 
8'. 4 
8'. 6 
18'. 2 
27'. 8 
34'. 4 
35'. 






t,! 
4'. 7 
4'. 6 
6'. 8 
6'. 2 
9'. 3 
12'. 1 



Bemarks. 



No swamp discharge. 

Da 

Do. 

Do. 

Da 
Large swamp discharge. 

Do. 



These are plotted on same sheet, and give a curve below line of overflow, whereas 
the stages taken in 1881 aud 1882 seemed to give a straight line below the line of over- 
flow. The curves show, however, that for a given stage at Cairo and Helena the 
stage at Memphis has lowered about 2 feet since 1874. It will be noticed that the 
two curves come together at a 47 to 48 foot stage at Cairo and Helena. This stage 
nves a general ovemow of the Saint Francis bottoms, which acts as an equalizer on 
ttiS slope from Cairo to Helena, and therefore the Commerce Cut-off does not affect it. 

By continuing the curve above the point of overflow, with the same bearing as it 
has below this point, we get the efiect of the overflow into the Saint Francis in de- 
pressing the river surface at Memphis. 

According to this the river was 3.3 feet lower at Memphis than it would have been 
if no water had escaped into the Saint Fraiicis. This, however, is for a mean stage 
at Cairo and Helena of 50 feet. If the water had been confined to the channel from 
Cairo to Helena, the stage would have been much higher at each point, and each 
about the same height, and the stag[e at Memphis correspondingly increased. This 
should be studied in connection with other gauges between Cairo and Helena. I 
have not had time to pursue this subject farther. 

As to the sources of the flood, the curves plotted show that it must have been from 
the Ohio, White, and Arkansas, together with the Saint Francis and Yazoo. The 
stage at Saint Louis was very low until February 19, when it rose 16 feet in two 
days — a rise wholly unprecedented, I believe, for this locality. It went down imme- 
diately, however, and did not contribute much to the flood. The White and Arkansas 
rivers rose at the same time from an 8-foot stage to a 31 and 26 foot stage respectively ^ 
reaching their maximum discharge about February !$6. These latter were the direct 
cause of the breaking of the levees in the vicinity of their months and below, for the 
second Helena rise did not reach that locality till about ten days later. Most all the 
levees in this vicinity broke February 28 and March 1, whereas the second Helena 
rise did not arrive till March 5 to 8. 
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I have not inyestieated for the sources of the flood above Cairo on the Ohio. 

The effects of the lar^e breaks on the Yazoo front are very marked on the ffange 
curves, both above and oelow. The break at Riverton occurred March 1, and that at 
Bolivar February 28 ; the former between the mouths of White and Arkansart, and the 
latter 26 miles farther down. The fall on the Arkansas City ji^auge, 30 miles below 
Bolivar, on March 1 was 1 foot, and the gauge at the mouth of White River 0.4 foot^ 
where each had been rising 0.2 per day. This was wholly due to the two Bolivar 
breaks. These breaks are almost exactly midway between these two gauges. The 
effect on the lower gauge was three times as much as that on the upper gau^e. (See 
gauge curves, Plate I.) There were no other breaks on that day below White River 
except on Catfish Point, a series of small breaks, discharging only about 10,000 cubic 
feet. The break at Mound Place had occurred February 19, so it does not enter as a 
new cause on the 28th to March 1. The Bolivar breaks, therefore, seem to be alone 
lespunsible for these two sudden changes of stage, with the above result. The total 
fall in five days, February 28 to March 4, at Arkansas City was 1.6 feet, while at mouth 
of White River it was but 0.9 foot, and this with the Riverton break, 3 miles below 
White River, discharging about 100,000 cubic feet, which broke March 1. 

The reason of this is probably, that at White River the Arkansas swamps were, at 
this stage, a part of the river reservoir, and a given outlet would not lower the river 
BO much as it would at Arkansas City, where tne channel limits were well defined. 

Another well marked case is in the Point Lookout, Lake Providence, and Vicks- 
bure curves, on March 21, where the sudden fall is the result of the Alsatia breaks 
on ttie Louisiana side at 4 a. m. of that day. I visited these breaks at 10 a. m. on the 
21st, and I estimated then that there was a mile of levee gone. This levee was built in 
the summer of 1881, the upper portion being about 15 leet high, but on the night of 
the 20th the water had gone over the whole of it, and would have washed the levee 
out for many miles had not the breaks relieved it. At 10 a. m. the river had fallen 2 
feet at the levee, which was about a quarter of a mile or less from the river bank, 
and no obstructions iutervening. Tne depth of water in front of the upper breaks 
was 14 feet. The velocity through these breaks, as the water approached the line of 
the levee, was about 10 feet per second. The fall through the levee was 7 feet. I 
oonld not make any very accurate observations, as it was dangerous to go near them 
in a skiff. I walked down the levee to the first one and got these estimates: 

The discharge, however, was about 100,000 cubic feet per second ; the fall at Point 
Lookout, 10 miles above, was 1.6 feet in one day ; at Lake Providence, 21 miles above, 
it was 1 foot in one day ; at Vicksburg, 40 miles below, the fall was 0.5 foot in one 
day; at all these points the river had been rising imiformly about 0.1 foot per day. 
(See curves, Plate I.) 

It is unfortunate that none of these large breaks occurred in the near vicinity of an 
observation party. As it is, no data has been obtained bearing directly on the check- 
ing of the current and corresponding shoaling up below a large outlet. The breaks- 
at Riverton and Bolivar and those in Thompson Bend, below Alsatia, furnish the 
finest opportunities for such investigations, above Vicksburg. 

The surveys made last winter could hardly be taken as the status Just previous to- 
the breaks, for the long continued high water had doubtless materially changed the 
river-bed at most all points, since the soundings were taken. The results of the ob- 
servation parties, however, should be studied in this connection. 

HEIGHT OF FLOOD FOR A CONFINED CHANNEL. 

From a careful study of the plotted gauge curves (Plates I and II), one can form 
some idea of the probable height of the flood if it had been confined by levees from 
Cairo down. It is seen from Plate II, Fig. 1, that the November-December rise^ which 
came nearly to the top of the bank, passed from Cairo to Vicksburg, with slight ad- 
dition of volume from White and Arkansas rivers, and a corresponding additional 
stage of 1 to 2 feet below these rivers. Using this wave as an argument, we may say 
that a higher wave, had it been equally confined and correspondingly iacreased from 
the White and Arkansas, as this flood was, it would have followed the same, course. 

Assuming that a confined channel at Cairo would have raised the river there 3 feet, 
which is Humphreys and Abbot's estimate, we may use the stage of 55 feet as our 
initial wave and now follow its course down the river. When we consider that this 
flood was largely increased at maximum stage by the local rainfall below Cairo, we 
may say that the natural drainage of the Saint Francis would have made at least as 
high a stage at Helena as at Cairo. This would raise the water at Helen a from a 47 to 
a 55 foot stage — an increase of 8 feet. 

From the curve on Plate II, Fig. 2, showing, relation of Menmhis stage to Cairo and 
Helena, we would have a stage 12 feet less at Memphis or a 43-root stage, which would 
be an increase over this flood of 7 feet. 

From the gauge curves for White and Arkansas rivers, Plate I, we see that a large 
volume of wat>er was added to the Mississippi at the height of the flood. The iSo- 
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yember rise of 8 feet in the Arkansas, Plate I, caused the November rise at moatb of 
White River to be 2 feet higher than at Helena. The great rises of 17 and 24 feet in 
the Arkansas and White rivers respectively, at the top of the flood, would, I think, 
have raised the river there at least 3 feet. Allowing for a flattening out of the flood 
wave of 1 foot from Helena down to White Biver, we would have a o7-foot stage here, 
where there was but a 4d-foot, ao increase, therefore, of 9 feet. 

The Tazoo natural discharge would have again added to the flood at nearly its 
maximum, and therefore probably kept the stage up to 57 feet at that point, making 
an increase there of 7 feet. It will be seen the December rise was neany the same at 
White Biver and Yicksburg. At Lake Providence, the top of the December rise was 
3 feet below that at White Biver and Yicksburg. If we say it would have been four 
feet lower for the highest flood, it would have given a 53-foot stage, whereas the 
highest stage reached was 42 feet, an increase, therefore, of 11 feet. 

From this line of argument, therefore, I conclude, that the probable increased height 
of this flood for the Yazoo .Front for a river completely leveed below Cairo, would be 
something about as follows : Memphis, 7 feet ; Helena, 8 feet ; mouth of White Biver, 
9 feet ; Arkansas City, 9 feet : Lake Providence, 11 feet ; Yicksburg^ 7 feet. 

All this, it must be remembered, is for an assumed stage of 55 feet at Cairo and a 
oonflned channel from there down. My impression is, however, that for a confined 
river at Cairo, the increased rise for this flood would have been greater than 3 feet. 
It is of course very probable that these excessive stages would gradually be diminished 
as successive floods which ordinarily caused general overflow, were confined to the 
channel, thereby increasing, in the course of years, the discharging capacity of the 
river. 

It is also well known that if the river had been confined below Cairo the front part 
of the flood- wave would have been safely transported to the Gulf, instead of being im- 

Sounded in the swamps, to be poured back into the channel at the highest stage. The 
ischarge per second would in this case not have reached the proportions attained 
this year. But if the Yazoo and the Tensas bottoms should be leveed oat and the 
Saint Francis left open for a long high stage at Cairo the effect would be the same as 
it was in this flood, and the volume of water escaping from the river channel per sec- 
ond into the Yazoo and Tensas bottoms should be added to what passed in the channel 
to find the amount the channel would have carried per second if no water had escaped, 
allowance being made for an increased velocity for a higher stage. 

The results obtained by the observation parties at Columbus, Helena, Lake Provi- 
dence, and Bed River should furnish data which, when combined with the flood dis- 
charge which has passed by these stations, would enable one to reach this subject 
from another direction. 
The observation party will determine : 

(1) The area of cross-section at maximum stage ; (2) the mean velocity at maximum 
stage ; (3) the increment of mean velocity for each foot rise ; (4) the rate of scour on 
section for each foot rise. 
Knowing the area and mean velocity, we, of course, have the discharge. Then, if— 
A=area of cross-section at maximum stage ; 
i;=mean velocity at maximum stage ; 
Q=di8charge in cubic feet per second at maximum stage ; 
A'=new area of cross-section for confined channel ; 
v'=mean velocity for confined channel ; 
Q'=discharge for confined channel ; 
u;= width of section for confined channel; 
i=increment of mean velocity per foot rise ; 
r=rate of scour on section per foot rise in square feet ; 
A^=add.itional height for confined channel, 
we have — 

Q=At; Q'=AV v'=v+ii^,h A'=A-f-A^to-|-Ar. 

Therefore, 

Q'=Av'=(A-fwAfc-{-rA;i) (»-{-iAfc) =Av+fwAA-f wA^+AiAfc-f-iwAJi-l-irAfc*. 

But Av=Q. Transposing the terms in A ^ and dividing by the coefficient of A Jb*, 
we have — 



From which we get — 



ir 



"-v/^+^+K^s^')' -K*5j$^') 
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In which the only nnknown quantities are Q' and A h. If the swamp discharge past 
the station, or rather the amoant escaping from the river above the station, is approx- 
imately known, this is the Q' — Q ; and A h becomes known. 

The only data available now for such a computation of this flood are those obtained 
at Red River Landing, and here we have but the field computations. Taking these, 
however, and applying this formula to the facts found therd, we can at least indicate 
a method which, I think, may be found of some importance. 

To find the rate of scour on the section there has been subtracted from the daily 
observed areas the area due to increased stage, and the remainder gave the daily scour. 
The continued summation of these quantities from December 16 to March 31 gave the 
total scour firom the initial date, which was plotted in connection with the gauge read- 
ing on Plate IV, Fig. 3. The rate of scour seems to change with the stage, so the 
mean line is evidently a curve. Assuming, however, that the rate remains constant 
above 45 feet, and drawing a tangent to the curve at this upper portion (see red 
dotted line on sheet), we obtain the probable rate of scour for tnis stage of the river. 
This is 2,300 square feet per foot rise. The rate of increase of mean velocity was ob- 
tained in a similar manner, and was found to be 0.1015 foot per foot rise. The maxi- 
mum discharge was 1,600,000 cubic feet per second. I think that the entire discharge 
across the latitude of Red River was about 2,200,000 cubic feet. 

The area of cross-section at maximum discharge was 235,360 square feet ; the width 
was 3,900 feet ; the stage was 48.32 feet ; the mean velocity was 6.78 feet per second. 
We have, then, for Red River Landing — 

Q= 1,600,000; Q'= 2,200,000; A= 235,360; «= 6.78 feet; w= 3,900 feet; 
h = 48.32 feet ; 1= 0.1 foot ; r =2,300 square feet. 

From which, according to the above formula — 

A ^=6.5 feet. 

This is for a confined channel, with the Atchafalaya closed, and the most uncertain 
element in the problem is whether or not t^e scour would have continued at the same 
rate for this increase of stage. If the rate of scour should increase with a highef 
stage, the increase of flood height here would be less than 8.5 feet. If the rate 
should continue as it is here used, the total increase of scour for this additional 8.5-feet 
rise would he 8.5 X 2,333 = 19,830 sq. feet. The width being 3,900 feet, this would 
give a scour over the entire cross-section of about six feet. It is probable, however, 
tnat the scour would not extend over more than 3,000 feet, which would give a scour 
of 6.6 feet. The increased velocity would be 6'.78-f- (8.5 X 0.1) = 7'.63 per second 
= 5.23 miles per hour. 

The result, therefore, of turning all the river down the Mississippi below Red River, 
and confining it to the channel, would appear to have been for this flood : 

An increase of stage of 8.5 feet; a scour of bed of 6.6 feet; an increase of mean 
velocity of 0.85 feet. 

Such a line of argument could evidently be followed at every point where an ob- 
servation party has been located. 

Most of the results given in the latter part of this report are only supposed to be 
approximate, and are given rather as indicating a method of approaching some prob- 
lems than as furnishing their solution. 

The total discharge of 2,200,000 cubic feet per second at Red River is only assumed 
as an extreme limit, and is probably much larger than would have been found at any 
locality for this flood for a confined channel. It was only taken to show what the 
arjgument would lead to for a very extreme case. 

Without entering into any discussion of the question, I wish here to state that my 
judgment is that the most efficient means of passing a lar^e flood from Cairo to the 
Golf, with a minimum stage, is by means of cut-ofls, judiciously made. I think it is 
a mistake to say that the result of a cut-off is to raise the stage of water below. Af- 
ter the first rush of water, which gives an inoreaaed diaekarge below, I see no reason 
why the stage below should be raised. I think experiments might be made on a 
small scale, which would throw considerable light on this question. 
Very respectfully, your obedient servant, 

J. B. JOHNSON, 
United States Aesiatant Engineer. 

First Lieut. Smith S. Leach, 

Seeretary Mississippi Biver Commission, 
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2.— Saint Francis front, for thb flood of 1882. 
(By Hunter Stewart, United States Assistant Engineer.) 

Saint Louis, Mo., July 25, 1882. 

Sir : I have the honor to submit herewith my report on the examination of the in- 
undation of the Saint Francis front, made in accordance with year instructions oi 
March 7, 1882. 

Very respectfally, your obedient servant, 

HUNTER STEWART, 
United 8iate§ Asneiant Engimeer, 
First Ldeut. Smith S. Lbach, 

Secretary MUeiseimn Biver Commiaaianf 

No. 2828 Waehington avenuey Saint Louie, Mo, 



JOURNAL. 

Theparty left Saint Louis at 2 p. m., on March 7, 1882. on board of the steamer 
R. J. Wheeler, which had been assigned to them. Commerce, Mo., the upper limit of 
the front of the Mississippi River that is tributary to the Saint Francis Bottom, was 

Eassed at 12.30 p. m. on March 8. The banks of the river between Commerce and 
^og-Tooth Island were either altogether out of water or barely covered. When the 
Missouri Sister Island was reached some overflow was found, but the water of the 
same was slack. The current in the Mississippi River itself slackened considerably 
as Cairo was approached. Some twelve examinations were made in the 12 miles 
between Abie's roint and Cairo, but no current of any importance was found, the 
little that there was, 6 to 8 feet per minute, being generally either parallel with or 
towards the river. Cairo was reached on the evening of the 8th. On the momiof 
of the 9th we left Cairo at 7.30 a. m., proceeding down the river. The bank of Bird's 
Point was exposed. We went as far as Norfolk, Mo., finding but slight current, and 
that was generally in the direction of the river. At 10 a. m., the rain having ceased, 
the wind rose and became so high as to affect the surface velocity to such an extent as 
to render the indications of the log unreliable. The storm continuing all day no 
more work was done. On March 10 the right bank was examined from Norfolk, Mo. 
to Point Pleasant, Mo. The New Madrid Ridge was uncovered, although it had been 
submerged, and a great amount of water was returning to the river between it and 
Donaldson's Point. 

On March 11 the right bank was examined from Point Pleasant to Daniel's Point, 
the greater part of this stretch being submerged, and on the left bank current obser- 
vations were made at the mouths of the Obion, the Upper and Lower Forked-Deer 
rivers. 

March 12. In the morning the right bank was examined from Daniel's Point to 
Osceola, Ark.; arrived at Plum Point at ^.30 a. m. ; left at 2.30 p. m. ; the steamer 
R. J. Wheeler having been used dnrin^ this interval in getting ready the outfit for 
the reconnaissance of the Saint Francis Bottom by Assistant Engineer £. S. Davis, 
who had come aboard at Cairo. During the afternoon of the 12th the right bank was 
examined from Osceola to the upper portion of the bend of Island No. 35. 

March 13. The right bank was followed closely, through the bend of Island No. 35, 
McGavock's Chute, the bend of Island No. 37, Devil's Elbow Bend, Fogleman's Chute, 
Beef Island Bend, Redman's Point, up the chute of the Chicken Island, back again, 
and thence to Hopefleld. Memphis was reached at 1.30 p. m. ; instructions were tele- 
graphed for, and reply arrived at 9 p. m. 

March 14. The right bank was examined from Hopefield to the lower end of Com- 
merce Cut-off, including Council Bend. 

March 15. The right bank was examined from Commerce Cut-off to the upjper end 
of Saint Francis Island. I proceeded thence to Helena, and telegraphed for instruc- 
tions^ returned to the u|9per end of Saint Francis Island, examined the bank on the 
np-tnp, finished reconnaissance, and returned to Helena. 

thk mode of observing. 

The steamer kept as close to the right bank of the river as the nature of the shore 
would permit. Observations were made in a skiff, which had to be carried aboard in 
order to prevent its swamping. When it had been decided to take an observation the 
steamer would slacken speed and reverse her engines, the skiff would be launched, and 
the observing party push out to the shore. When this was reached the skiff was made 
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fast, a sounding taken, and the surface velooity measured by means of the log, and 
its direction with a prismatic compass. The skiff was then cast loose and rowed some 
distance over the bank, the leadsman taking soundings, and if any marked chan^ in 
depth was found, a greater distance would be sounded and the mean of the soundings 
recorded. The steamer in the meanwhile would stem the current with her head down- 
stream, or, if that were impossible on account of the wind or the great velocity of the 
current, she would ronnd^to after the skiff was launched and would again round-to 
when the latter put out from shore, so as to be ready to proceed down-stream as soon 
as the skiff was hauled aboard. 

Whenever the banks were submerged for a great distance, which was generally the 
case, and they could be seen from the boat, an observation would be made afr-er a five 
minutes' run, that beins the estimated length of time required for the Wheeler to go 
a mile down-stream. This would sometimes be varied by the observer watching from 
aboard the steamer the direction and velocity of the current over the bank as ^own 
by the break of the water agaiubt the timber^ and selecting localities for observation 
where it appeared to him to be a mean for a given stretch ; he estimating what pro- 
portion of tne distance between two observations should be applied to each. 

Where submerged and exposed banks alternated, the depth and velocity of the sur- 
face water would be measured as above, tbe length of the overflowed bank would be 
estimated, and the location of the point of observation and limits of overflow noted, 
the distances being afterwards taken off of the detail charts in the office. 

In the case of open streams a cross-section would be sounded, the soundings being 
placed approximately equidistant, and the surface velocity measured, where possible; 
otherwise it would be estimated. 

The locality of the observation was in every instance noted, and as soon as the ob- 
server returned to the steamer, plotted as closely as possible from the information 
given by the pilots and the character of the topography — Major Suter's reconnaissance 
was used between Cairo and Memphis and between Commerce Cut-off and Helena, 
and General Comstock's detail charts between Memphis and Commerce Cut-off. 

The river bank proper, in contradistinction to the artificial bank or levee, was ex- 
amined throughout, and no effort was made to follow the latter, as neither a greater 
nor a less amount of water than the net escape over the bank could get into the back 
country. It is evident that, providing the examination of the movement of the water 
on the bank was correctly and accurately made, the results of such a method would 
be the same as those obtained from a correct and accurate examination of tbe line of 
levees. Even supposing that there is a greater probability of error in the former than 
in the latter method, sttU the increased accuracy that would have resulted from fol- 
lowing the remnants of the levees, being su'ch a small percentage of the total amount, 
would not have justified the use of the greater length of time that would have been 
required. 

For in the length of river front included in the right bank between Commerce, Mo., 
and Helena, Ark., the system of levees is very imperfect^ the percentage of unleveed 
bank being very large, and, as by far the ^eater part of the total amount of outflow 
and inflow occurs over the latter portion, it would have been necessary to apply to 
it the same method of observation as was used over the entire stretch. Moreover^ 
where there were levees, they would virtually exclude a corresponding lensth of 
river fr*ont from the compntation, either by deflecting the current of the ovrefiow so 
as to cause its direction to become parallel with that of the river, or by checking it 
so as to render the intervening water slack. 

REDUCTION. 

As the examination was made after the crest of the flood-wave had passed, the dis- 
charge obtained from the observations had to be corrected for difference of stage in 
order to estimate the discharge at the maximum and at the mean flood stage. The 
data obtained were crude in tneir nature, and no attempt at a very refined reduction 
of them has been made; but when a method had been decided upon, it was rigor- 
ously carried out in order to secure accnracv of computation. This fact will account 
for the seemingly unwarranted exactness of the tabulated result's. 

The following formulee were used in computing discharge : 

For observation stage — 

Q = V X W XS X Cj 
wherein — 

Q == discharge. 

V = surface velocity. 

W = width of cross-section. 

8 = sounding. 

C = coefficient of reduction, which is the product of the coefficient to con- 
vert surface velocity into mean velocity, and the coefficient to correct 
cross-section area for obstructions. 
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For maximum stage — 

Q = V X W X D X C 
wherein — 

Vy W, and C are the same as ahove. 
D = computed depth at highest stage. 

For mean flood stage — 

Q = V X WXD X C 

wherein — 

y, W, and C are as above. 

D = computed depth at mean flood stage. 

The reasons for using the above elements of discharge are given further on. 

VELOCITY. 

Velocity may be regarded as a function of slope and mean depth. 

1. Regarded as a function of slope. 

It may he premised that, when the swamps are filled, the oscillation of the river is 
identical with that of the escaping water in its immediate vicinity and the slope re- 
mains constaut. 

The following facts may be quoted in substantiation of the above statement. 

The high-water reconnaissance of the Saint Francis Basin, March, 1882, by Assist- 
ant Engineer E. S. Davis, shows that the observed water surface and the surface of the 
highest water, as given by high- water marks, were sensibly parallel. 

Observations were made near Commerce, Miss., during the month of February, 1882, 
to determine the amount of fall in the river that would be necessary to uncover a 
tract of submerged land which was separated from the river by a strip of exposed 
land and a levee — the overflow being caused by back-water from breaks in the levee 
farther down the river. One gauge was placed in front of the levee and another in 
t^e overflowed fleld back of it, and the latter showed a responsive and almost identi- 
cal change with the former. 

Therefore, in so far as velocity is the result of slope, it is just to conclude that the 
velocity of the water escaping over the banks of tne river will remain nearly con- 
stant after the movement of the water in the adjacent swamp has reached its normal 
relation with the river ; that approximating equilibrium. 

2. Regarded as a function of mean depth. 

For a discharging channel an increased mean depth generally produces a decreased 
ratio of friction to cross-section area and a resulting ^eater velocity ; but, as in the 
case of inundated lands, where the principal cause oi friction is the obstructions in 
the channel, it is easy to conceive of circumstances, such as the flood reaching the 
branches of the underbrush or of the timber, where the ratio would increase with 
the mean depth. Therefore, not only does the velocity of the water escaping over 
the banks not necessarily increase, but it may diminish with an increased mean 
depth. 

Iforeover, if to the measured velocities formulsB were applied which had been de- 
duced from data obtained under conditions varying from those found during the ex- 
amination, or those probable at a higher or a lower stage, the only result that could 
he attained would be the certainty of a large probable error with an uncertain sign. 

Considering all of these circumstances, it was thought that more accurate results 
could be obtained, in calculating the discharge for highest and mean stages of the 
flood, by usin^ those velocities measured at an intermediate stage than any that 
eonld he obtained from them by computation. 

Therefore the observed velocities were used in all discharge calculations. 

MEAN DEPTH. 

1. Observed stage. — The soundings were used. 

2. Maximum stage, — ^The depth obtained by sounding has to be increased by the 
difference between the stage of water at the time of observing and the highest stage, 
in order to obtain a depth that can he used in the computation of the discharge for 
the latter. 

The most accurate method of attaining the above would have been to have meas- 
ured the difference between the two stages at every point of observation, provided 
reliable high- water marks were obtainable. This could be done but seldom, owing 
to the indistinctness of the marks on the trees, and on account of the necessary 
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rapidity of the work, which preoluddd the possibility of going any distance to get a 
recorded high- water mark. As the accoraoy of the differences measured were, in 
most oases, considered qaestionable, and as the number of reliable ones was not suf- 
ficient to reduce the work, this method was discarded and recourse taken to the 
gauffe records. 

Therefore, the increments to convert soundings to mean depth at hieh water were 
obtained graphically, by using the records at the gauge stations. The distances 
along the river were plotted as horizontal co-ordinates; for that portion between 
Cairo and Memphis, those given on the charts of the Mississippi River Commission 
were used ; and for the portion between Memphis and Helena, those on the charts of 
If ajor Suter's reconnaissance ; the difference between the mean gauge reading for the 
date of examination and the highest gauge reading, at each station, were plotted as 
vertical coordinates ; and the resulting points were connected by straight lines — ^the 
ordinate, corresponding to its distance irom Cairo, giving the increment for any in- 
termediate locality. 

This method is, of course, open to the objection that the probable oscillation at a 
point between two measured oscillations is not necesnarily proportionate to the dis- 
tance ; but, in the absence of a better one, it was adopted as giving a sufficiently 
close approximation. \ 

3. Mtan flood stage. — ^The mean flood stage being lower than the observed stage, the 
depths obtained by sounding have to be decreased by the difference between the 
stages, in order to compute the discharge at the former. In obtaining this, the zero 
stage, or that at which the escape of water from the river would practically cease, 
was determined for each gauge from the depth of overflow at the observed stage ; 
the gauge curve was plotted for the time that the river was continuously above this 
stage, the area of the included surface was measured with the plani meter and the 
mean height of the curve determined. This height added to the reading of the zero 
flood stage gives the mean flood stage. The difference between the mean gauge read- 
ing at the examination and that for mean flood stage at each station were plotted, 
and the decrements which were to be applied to the soundings taken at the former 
were obt-ained in the same manner as were the increments for maximum stage. 

The following are the readings of the zero flood stage on the gauges : Cairo, 41 feet; 
Columbus, 95 feet; New Madrid, 37 feet; Cottonwood Point, 32 feet ; Fulton, 32 feet ; 
Memphis, 29 feet. 

Gauge readings, increment and decrements: 



CAIBO. 

Feet 

Highest stage, February 26, 1882. 51. 87 

Observed stage, March 10, 1882. . 47. 70 

Mean flood stage 46.24 

Increment 4.17 

Decrement 1.46 

COLUMBUS. 

Highest stage, February 26, 1882. 102.801 

Obeerved stage, March 10, 1882.. 100.243 

Mean flood stage 99.14 

Increment 2.558 

Decrement 1. 103 

NBW IfADRID. 

Highest stage, February 27, 1882 . 47. 5 

Observed stage, March 10, 1882. . 43. 7 

Mean flood stage . ^ 42. 2 

Increment 3.8 

Decrement 1. 5 

COTTONWOOD POINT. 

Highest stage, February 28, 1882 . 37. 5 

Observed stage, March 11, 1882. . .36. 3 

Mean floodstage 35.62 

Increment 1.2 

Decrement 0.65 



FULTON. 

Feet. 

Highest stage, March 1 , 1882 36. 69 

Observed stage, March 12, 1882. . . 36. 04 

Mean floodstage 35.15 

Increment 0.65 

Decrement 0.89 

MEMPHIS. 

Highest stage, March 6 and 9, 1882 . 35. 15 

Observed stage, March 13, 1882.. . 34. 70 

Meanflood stage 33.4 

Increment 0.45 

Decrement ■, 1.30 

MEMPHIS. 

Highest stag^, March 6 to 9. 1882. 35. 15 

Observed stage, March 14, 1882. . . 34. 55 

Increment 0.60 

mhoon's landing. 

Highest stage, March 9, 1882 40. 80 

Observed stage, March 15, 1882. . . 39. 95 

Increment 0.85 

hblbna. 
(Mississippi Iciver Commission gauge.) 

Highest stage, March 8, 1882 47. 10 

Observed stage, March 15, 1882.. . 46. 20 

Increment 0.90 
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WIDTH OF CROSS-SBCTION. 

The width of the oross-section, or, in other words, the length of riverfront which is 
to be applied to the computed mean depth, is, to a great extent, a question of personal 
observation and judgment. 

The positions of the observations were plotted on the small charts and the distances 
were taken from the detail ones. Whenever there were no indications to the con- 
trary, one-half of the distance between three. consecutive observations was applied to 
the middle one ; otherwise the distances were adjusted as the notes or the memory of 
the observer dictated. 

COEFFICIENTS. 

The only velocity measured being that of the surface, a reduction to mean velocity 
is necessary in order to obtain true discharge. As neither .the time nor the appliances 
were available to determine the relation of surface velocity to the curve of vertical 
velocities for discharge taking place over the bank of the river, and as no data bear- 
ing upon the subject were procurable, the adoption of the coefficients had to be de- 
termined arbitrarily. The acknowledged tendency towards exaggeration, in calcu- 
lating flood discharge from meager data, was the one known fact that has indicated 
the use of as small a coefficient as was warranted by other hydraulic observations. 
With this in view the following coefficients were adopted : 

For open streams, mean velocity = surface velocity X .8 

For crevasses, mean velocity = surface velocity X .72 

For discharge over the banks, mean velocity = surface velocity X .72 

(.72 being BrUning's smallest coefficient for open channels). 

Coeffioientfar obstruoiians, — As most of the outflow and inflow was taking place over 
the banks, and as these were generally covered with vegetation, it is necessary to 
make a correction of the measured cross-section in order to obtain the area effective 
for discharge. 

From the general nature of the bank, varying from open fields to a thick growth 
of young cottonwoods, and in view of the large reduction made in calculating mean 
velocity, a reduction of 10 per cent, of cross-section area appears to be sufficiently 
large. 

Effective area = cross-section area X .9. 

For discharge over the bank, we have — 

Q = V X .72 (D X W) X .9 = V X D X W X .648, 
or, discarding the last decimal in favor of the nearer hundredth, we have — 

Q = VXDXWXC 
where C = .65. 

RESULTS. 

From Commerce, Mo., to a point 14 miles below Cairo, there was no escape from the 
river. At New Madrid, Mo., there was a net escape, at highest stage, of 86,000 and 
at observed stage of 20,000 cabic feet per second ; at mean flood stage there was no 
escape. These figures reveal the influence of the New Madrid Ridge, which deflected 
the overflow water and caused its return to the river, and which was in ratio to its 
total, partial, or non-submergence— most of the return flow occurring between Don- 
aldson's Point and New Madrid. 

From the New Madrid Ridge to Helena there was a continuous overflow, with the 
exception of that portion of the old bank of the river situated between the foot of 
Island 35 and Foglemau's Chute, the exposure of the left bank in this locality being, 
in all probability, the result of the many changes which have occurred in the river in 
its vicinity. 

A point opposite Memphis, Tenn., may be regarded as the limit of supply to the 
Saint Francis Bottom, as a study of the curve of net escape shows but a slignt oscilla- 
tion from there to a point 28 miles below ; at this latter place the return flow com- 
mences, and, were the movements over points omitted, the curve would show a con- 
tinuoQS decline. 

We have at Helena : At maximum stage, a virtual balancing of outflow and inflow; 
at the observed stage, which was below high water, 3.8 feet at New Madrid and 0.9 feet 
at Helena, an excess of return flow over the bank of 150,000 cubic feet per second, to 
which 50,000 cubic feet per second, at the least estimate, should be added for overflow 
water carried by the Saint Francis River, showing that, at the time that the examina- 
tion was made, the Saint Francis reservoir was being emptied at the rate of 200,000 
cubic feet per second. 
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AT HIQHB8T STAGE. 

Cnbio feet per Beo<Hid. 

Smnmationof oatfiow aod inflow 8,440,000 

Ajnouut of overflow to be returned by the Saint Franois Riyer 63, 000 

Total movement 2,503,000 

Summation of outflow 1,251,000 

Maximum net escape on any one latitude 615,000 

Saint Francis River : 

Estimated discharge 115,000 

Supply from outflow from Mississippi River 63,000 

Supply from other sources 52,000 

CUusyioatum of outlets. 



Water esoaping in bends 

Water retnming in bends 

Water escaping in reaches Mid over points . 
Water returning in reaches and over points 

Total movement for bends 

Total movement for points and reaches 

Approximation discrepancy 

Total moHrement 



Gnbic feet 
per second. 



860.000 
833,000 
872,000 
420,000 


35 
33 
15 
17 


2,485,000 


100 


1,693,000 

792,000 

17,000 






' 







2,502,000 



Per eent. 



Betum. 




Over the banks of bends 

Throash regular channels 

Over the banks of x>oints and reaches 

Total 



We may summarize as follows: A very small percentage of the water that leaves 
the river passes through regular water-courses ; most of the water that, at any time, 
leaves the river and nearly all of the overflow water that traverses the Saint Francis 
Bottom, escapes from the river in bends ; a migor part of the return occurs over the 
banks in bends ; the greater part of the escape over the banks of points, merely crosses 
these to returo a short distance below. 

There are three causes — two applying to velocity and one to depth — that would de- 
velop expectations of greater escape in the bends than in other portions of the river 
front : First, on account of the converging angle formed by the directions of the bank 
of the bend and the current in the river, and a consequent conservation of momentum. 
Second, on account of the general concavity of bends and the resulting proximity of 
the deep channel and swift velocity, which is conducive to a greater initial velocity 
of the escaping water. Third, on account of the relatively Tower elevation of the 
bank in bends as compared with other divisions of the river front ; for, as most of the 
bends have caving banks, the bank-destroying process of the river is operative thereat, 
and, as the slope of the land is generally from the river, the height of the banks is 
being constantly reduced. By antithesis, on points the bank-building process is gen- 
erally active, and the river front is of normal or increasing elevation. We find as a 
consequence that the depth of overflow is greater in the bends than at other localities. 

If the term *^ marked depressions in the bank" be confined to sloughs and bayous, 
then a very small percentage of the outflow or of the inflow occurs therein ; but if the 
banks of bends are regarded as such, which they may very properly be considered in 
their relation to other portions of the river front, then they are the channels for the 
greater part of the outflow and a major part of the inflow along the Saint Francis 
Front. 
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MAXIMUM PISCHAROB. 



^ In order to estimate the entire discharge at high water of the Mississippi Biver on 
diiierent latitudes the following localities were selected: ColombuSi Ky., Fulton, 
Teun., and H9.mpton discharge section ; and estimM^s made. 

ft 

COLUMBUS, KENTUCKY. 

The discharge at the highest stage, February 26, 1882, not having been measured, 
the following estimate has been made from the data obtained by Assistant J. H. Dayis, 

1881-'82. 

Maximum gauge-reading, February 26 feet. .. 102.801 

Gauge- reading, February 22 do 101.301 

Increment do 1.5 

Maximum width, February 28 do 2,604 

Water area, February 22 square feet.. 196,020 

Increment to water area (2,694 by 1.5) do 4,041 

Probable water area on February 26 do 200,061 

Maximum mean velocity, March 1, per second feet ... 8. 246 

Probable discharge on February 36 (200,061 by 8.3) per second. cubic feet. 1, 660, 496 

FULTOX, TBNXESSBE. 

The discharge data obtained by Assistant W. H. Powless, 1879-'80, were used, ap 
follows: 

Maximum gauge-reading, March 1, 1882 feet... 36.69 

XjOW water of 1879, reads on gauge do.... 2l14 

imi 

High water 1882 above low water 1879 do 34.55 

Stage March 24, 1880, above low water 1879 dp.... 32.00 

Stage March 1, 1882, above stage March 24, 1880 do 2.55 

Maximum width of high water, 1880 do 2,615 



Water area March 24, 1880 square feet.. 144,270 

Increment (2,615 by 2.55) do.... 7,668 

Probable water area, March 1, 1882 do 151,938 

V= 0.204 (h— 21.8), Powless. 

Where V= mean velocity, h = gauge-reading above low water of 1879 + 27.77 feet. 

March 1, 1882, V = 0.204 (6'i.32— 21.8) =8.27 feet per second. 

Probable discharge on March 1, 1882 (151,938 by 8.27), 1,261,527 cubic feet per second. 

HAMPTON. 

This discharge-section was located about 12 miles below Memphis, and just below 
the Junction of the bend and chnt^ of President's Island. 
The data used are those obtained from the observations of Prof. H. B. Herr, 1879. 

High water of 1882, Memphis gauge feet. . . 35. 15 

Increment for oscillation at Hampton do 1.72 

Probable reading on Hampton gauge of high water of 1882 do 36. 87 

Stage on Hampton gauge, February 12, 1879 do 27.00 

Increment : do.... 9.87 

Width of river do 4,600 

Water area, February 12, 1879 square feet.. 179,948 

Increment (4,600 by 9.87) do 45,402 

Probable water area for maximum stage, 1882 225, 350 

H. Ex. 64 5* 
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Usinff the formula deduced from Professor Herr's observations, by Assistant R. E. 
McMath : 

V = .0725A. 

Where V = mean velocity, and A = stage on Hampton gauge + 37.18, we have, for 
high water of 1882: 

V = .07*25 (36.87 + 37.18) = 5.37 feet per second. 

The probable discharge for high water of 1882 is (225,350 by 5.37) 1,210,130 oubie 
feet per second ; hence, we get for flood of 1882 : 

COLUMBUS, KBNTUCKr. 

Gnbie feet per Becond. 

Probable maximum discharge 1,660,000 

Escape above 86,000 

Total 1,746,000 

FULTON, TBNNSSSSS. 

Probable maximum discharge 1,261,000 

Escape above 494,000 

Total 1,755,000 

HAMPTON. 

Probable maximum discharge 1,210,000 

Escape above 599,000 

Total 1,809,000 

These estimates give an increase of discharge of 9,000 cubic feet per second between 
Columbus and Fulton, and 63,000 cubic feet per second between Columbus and Hamp- 
ton, which, considering the character of the work done on the Saint Francis Front, 
the number of small tributaries on the left bank of the river between these points^ 
and the probable error in estimating the discharge of the river proper, may be re- 
garded as a very close agreement. 

TOTAL ESCAPE. 

In order to form a conception of the volume of water that traverses the Saint 
Francis Bottom during the time of flood, the subjoined estimate has been made. 

The right bank from Commerce, Mo., to opposite Memphis has been regarded as^ 
the river front that is tributary to the supply of the Saint Francis Bottom, for al- 
though there is a point some distance below Memphis which shows a greater net 
escape, this is due to the fact that a large quantity of water leaves the river there to- 
return in a short distance, and it cannot properly be regarded as supply. 

The amount of escape at mean flood stage was taken as the mean escape for the con- 
tinuous flood period, that is, the number of consecutive days when the stage was- 
above the flood zero. 

Althousb there was no escape above New Madrid at mean flood stage, which was 
due, in all probability, to the deflection, by the ridge, of all of the overflow water 
and its return to the river, still, at an increased stage, such as the one when the ex- 
amination was made, we find a net escape of 20,000 cubic feet per second, which waa 
probably caused by a portion of the ridge being submerged and a consequent escape 
into the country back of it; and, as there were thirty -seven days during which the 
river was near, at, or above this sta^e, a mean discharge of 30,000 cubic feet per sec- 
ond has been assumed at this period of time. 

Cable feet. 
Above New Madrid, Mo., thirty-seven days, at 30,000 cubic feet per 

second 95,904,000,000 

Between New Madrid and Fulton, seventy-eight days, at 154,000 

cubic feet per second 1,037,837,000,000 

Between Fulton and Memphis, eighty-eight days, at 67,000 cubic 

feet per second 509,414,000,000 

Total escape 1,643,155,000,000 

This amount of water is equal to 15.7 days' discharge of the river at Hampton, esti- 
mating its capacity as 1,210,000 cubic feet per second; or 10.5 days at 1,800,000 cubic 
feet per second. 
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3. — White river and tensas froih'S, and Arizona and landrt crevasses, Fi.ooD 

OP 1882. 

(Observations by J. B. Johnson and Hunter Stewart, United States Assistant Engi- 
neers.) 

(Report by Hunter Stewart, United States Assistant Engineer.) 

Office of Mississippi River Commission, 

Saint Louis J Mo.j April 17, 1883. 

Sir : I have the honor to submit, herewith inclosed, a report upon the reconnais- 
sance, during the flood of 1882, of that portion of the right bank of the Mississippi 
River situated between Helena, Ark., and the mouth of Cypress Creek; upon the 
high water examination of the Tensas Front, for the flood of 188*^, and upon the ex- 
amination of the right bank from Red River to Donaldsonville during the same flood. 
Very respectfully, your obedient servant, 



First Lieut. Smith S. Leach, 

Secretary Miseiaaippi Biver Commission, 



HUNTER STEWART, 
United States Assistant Engineer, 



REPORT. 
white river bottom. 

The steam-tug Frolic was detailed for this service. 

The engineer force consisted of J. B. Johnson and Hunter Stewart, United States 
as8i!:)tant engineers. 

The methods of making observations and of estimating the discharge were similar 
to those used by Messrs. Johnson and Stewart in their examinations of the Yazoo and 
Saint Francis fronts, respectively, for the flood of 1882, and are described in their 
reports respecting the same. 

The bottoms situated back, or west, of the section of the Mississippi River under 
consideration may be divided into three sections or basins : 

(1.) The White River bottoms, or that portion of the overflowed lands situated be- 
tween Helena and the mouth of the White River. 

(2.) The islands surrounded by the White, the Arkansas, and the Mississippi rivers. 

(3.) The Arkansas River and Cypress Creek bottoms, which extend from the mouth 
of the Arkansas River to Cypress Creek. 

These three basins, taken either separately or conjointly, have comparatively but 
small capacity to deplete the Mississippi River of its flood waters, or to perform the 
function of reservoirs to the same. 

In view of the above fact in connection with the subsidence of the flood 'and the 
more important work which had to be done below, the examinations of these fronts 
were made in a cursory manner, and only the more important features were noticed. 

Such observations as were made are given below. On March 25, 1882, the crevasse 
just below Helena was examined : 

Width (estimated), 2,500 feet. 

Surface velocity, 3.4 feet per second. 

Depth (mean of soundings), 9 feet. 

Coefficient to reduce surface velocity to mean velocity, .7. 

Discharge, 54,000/Cubic feet per second. 

For maximum stage : ^ Feet. 

Helena gauge, March 8, 1882, maximum I 47. 2 

Helena gauge, March 25 45. 2 

Increment 2.0 

Discharge, 63,000 cubic feet per second. 

This result may be regarded as approximately correct, as the Increase in the cross- 
section area, due to the probable widening of the crevasse, may be conssidered to be 
compensated in the discharge computation by the reduction in surface velocity due 
tp the tilling up of the swamps and the reduction of head by the fall of the river itself. 

March 27, at Westover, opposite Friar's Point, there were three breaks : 

Width (aggregate), 1,200 feet. ' 

Surface velocity (mean), two-thirds foot per second. 



76 BEPOET OP THE MISSISSIPPI BIVEE COMMISSION. 

Depth (meiin of soundings), 4^ feet. 

Discharge, 2,500 cubic feet per second. 

On Kangaroo Point the water was flowing back into the river for a distance of 
2,600 feet and at the rate of 1 cubic foot per second per linear foot. Return flow, 2,600 
cubic feet per second. 

From Kangaroo Point to Old Town Landing there were two breaks in the levee, 300 
and 110 feet wide, respectively, at the date of observation. When examined the cur- 
rents in these were from the river at the rate of one-third of a foot per second on the 
surface. From information received, it was learned that at the highest sta^e of the 
river these were discharging into the river with considerable velocity. This feature 
was probably due to the influence of the Old Town Ridge. From Old Town Land- 
ing to Cockleburr Bayou six breaks in the levee were reported. 

LACONIA CIRCLE. 

This tract of land, situated just above the month of White River, is subject to sub- 
mergence from three sources, i. 0., the Mississippi River on its own front, the over- 
flow water from the Mississippi River that escapes above, and the White River in the 
rear ; it is completely surrounded with levees, which are intended to protect it from 
these. During the flood of 1882 but little damage was done previous to the rise in 
the White River, which backed up the overflow water that escaped from the Missis- 
sippi River above until it rose higher than the back levees and, breaking these, inun- 
dated the circle. When the circle was filled, the overflow above continuing and be- 
ing deprived of its usual outlet through the White River, the water ruse above the 
front, or Mississippi River levees, and running over, broke them. 

The water on the inside of the circle was from 1 to 1^ feet higher than the Missis- 
sippi River in the vicinity of Graddy's Landing, Desha County, Arkansas. 

DISCHAKOB OF THB WHITS RIVBR. 

On March 27 Montgomery Pass or Cut-off was examined. No perceptible current 
was found. The mean depth was 29 feet. 

On March 28 the White River proper was ganged. The discharge section was 
located one-half mile below the head of Montgomery Pass, the base line and the 
width of the river were measured by means of the stadia, the ranges and base were 
located with a prismatic compass, seven soundings were taken approximately equi- 
distant, and four rod floats were run, also approximately equidistant. 

The base was 121 feet long, and the floats consisted or a 2-ineh rod weighted to an 
immersion of 16 feet. The coefficient of nine-tenths 16 used to reduce the measured 
Telocity to mean velocity, as the floats were run at an immersion a little less than 
one-third of the mean depth. 

Width of the river, 750 feet. 

Mean depth, 42.5 feet. 

Mean of measured velocities, 4 feet per second. 

Discharge, 115,000 cubic feet per second. 

There was no apparent movement in the overflow on the right bank of the White 
River from the locality of the discharge section to the mouth, while there was an in- 
flow into the White River over the left bank of about 1 cubic foot per second per 
linear foot. This would give the discharge of the White River into the Mississippi 
at the date of observing, 117,500 cubic feet per second. 

Discharge of the White Biver at th£ maximum stage. 

Water gauge at the mouth of White River : 

Feet. 

Maximum stage, February 28, 1882 48.4 

Observation stage, March 28, 1882 46.2 

Increment 2.2 

Mean depth for maximum stage, 42.5 -f 2.2 = 44.7 feet. 

Discharge, 121,000 cubic feet per second. 

Supposing that at the maximum stage the discharge over the bank into the White 
River was double what it was at the observed stage, we would get 126,000 cubic feet 
per second as the total discharge of the White into the Mississippi at maximum 
stage. 

Between the mouths of the White and Arkansas rivers. 

From the mouth of the White River down the Middle Ground to the month of the 
Arkansas River, there was no apparent current, the land varying from 1 foot submer- 
gence to 1 foot exposure. 
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DISCHAROE OF THE AREAXSAS RIVER AT ITS MOUTH. 

The observations were made on March 28, 1882. The discharge section was locate^ 
300 yards above the mouth of the Arkansas, and the methods used were the same as 
those employed in determining the discharge of the White River. 

Width of Arkansas River, 750 feet. 

Depth (mean of 8 soundings), 40.7 feet. 

Mean of observed velocities, 2.17 feet per second. 

Coefficient of reduction, .9. 

Approximate discharge for observed stage, 62,000 cubic feet per second. 

For maximum stage. 

Feet 

Maximum stage, Arkansas City gauge 47.1 

Stage on March 28, Arkansas City gauge 44. 1 

Difference of stage 3.0 

Mouth of White River, difference of stage ^.2 

Increment for Arkansas River 2.7 

Assuming that the other conditions are equal, we have for maximum stage : 
Mean depth 40.7-J-2. 7=43.4 feet, and discharge 64,000 cubic feet per second. 

BAYOU ONE MILE ABOVE CYPRESS CREEK. 

Width (effective), 130 feet. 
Velocity, surface, 3.5 feet per second. 
Mean depth, 33.4 feet. 
Coefficient of reduction, .8. 
Discbarge, 12,000 cubic feet per second. 

Far maximum stage. 

Mean depth, 33.4+2.6=36 feet. 
Discharge, 13,000 cubic feet per second. 

From the above bayou to Cypress Creek there was a flow into the Mississippi River 
of 9,000 cubic feet per second. 

CYPRESS CREEK. 

Cypress Creek was discharging into the Mississippi River, and the following esti- 
mate of the amount is made from the observations : 

The total distance sounded was 1,000 feet, which is divided into two sections, i. e,, 
the main channel. Cypress Creek proper, and the auxiliary channel, or the sum of the 
distances on each side for which the velocity of the current was greater than that 
usual in the overflow. 

For the main channel. 

Width (estimated), 170 feet. 

Mean depth, 30^^ feet. 

Surface velocity, 2.1 feet per second. - 

Coefficient of reduction, .8. 

Discharge, 8,700 cubic feet per second. 

For the auxiliary ohanneh 

Width, 830 feet. 

Mean depth, 10 feet. 

Surface velocity, 1^ feet per second. 

Coefficient of reduction, .65. 

Discharge, 6,800 cubic leet per second. 

Total discharge of Cypress Creek at the date of observing, 15,500 cubic feet per 
second. 

There is given below a tabulation of the discharge of such outlets as were gauged ; 
also an estimate of their discharge at the maximum stage of the river. 

These observations were scattering, and can give no conception of the total amount 
of water-escape from, or of the action of the overflow upon, that portion of the river 
bank which is comprised between their limits; nor is this report made with any such 
view, as there was no attempt at either a thorough examination or even a rough esti- 
mate of the movement of the overflow, for reasons hereinbefore mentioned. 
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The principal tributaries of the Mississippi River were, however, roughly gan|;ed^ 
as it was thought that such data would be of interest and, perhaps, of service in 
other relations, as well as that of high-water escape. 

Table of measured discharges between Helena and the mouth of Cypress Creek : 



Locality. 



Helena 

Weetover 

Kanjnroo Point 

Old Town Landing 

White River 

ArkanaaB River 

Bay on, 1 mile above Cypress Creek 

Between above bayoa and Cypress Creek. 
Cypress Creek 



Totals 



Stage at the time of obser* 
vation. 



Escape from 

river per 

second. 



Oubie/eet. 
54,000 
2,500 



600 



67,100 



Flow into river 
per second. 



Cfubie/set. 



2,000 



117.500 

62,000 

12,000 

9,000 

16,500 



218,600 



Estimate for mazimam stage. 



Escape from 
river per 
' second, 



Ouhie/e€t 
63,000 
10,000 



73,000 



Flow into river 
per second. 



Ouhie/eet. 



IZ.OOO' 
18.000 
126.000 
64, 000* 
13,00» 
9,00» 
18,300 



260,300 



TENSAS FRONT. 

This section of the front of the Mississippi River extends along the right bank of 
the same, from Cypress Creek to the mouth of Red River. 

The examination was made as follows : 

March 29, 1882, a set of observations was made between Arkansas City and the west 
bank of Bayou Ma^on, alou^ the line of the Little Rock, Mississippi River and Texas- 
Railroad, in order to determine the amount of water flowing through the bottoms. 

This was done to obviate the necessity of measuring the inflow and outflow along 
the banks of the streams contiguous to this section, viz, the west bank of the Cypress- 
Creek, from where it leaves the high land, to its mouth, and the west bank of the 
Mississippi River, from the mouth of Cypress Creek, to Arkansas City. 

After the completion of the above, the right bank of the Mississippi River was ex- 
amined from Arkansas City to Point Chicot. 

March 30, 1882, the right bank was followed from Leland's to Ashton, after which 
the Frolic proceeded to Vicksburg to await orders. On the way down, Mr. J. B. 
Johnson. United States assistant engineer, made a second estimate of the breaks be- 
tween Alsatia and Delta, La. ; the first one having been made by him on March 21^ 
1882, after his reconnaissance of the Yazoo Front. Both estimates are given in the 
tabulated results. 

March 30, 1882, orders were telegraphed for and their arrival awaited. 

March 31, 1882, that portion of the Tensas Front comprised between Delta, La., and 
Shipp's Bayou, was examined. 

April 2, 1882, the examination was continued from Shipp's Bayou to Waterproof. 

April 3, 1882, the right bank was followed from Waterproof to the mouth of Red 
River, and the examination of the Tensas completed. 

MODE OF OBSEBYING. 

As there was considerable escape into the swamps over the right bank of Cypress 
Creek, from where it leaves the high land to its mouth, and as there were frequent 
variations in the direction of the movement of the overflow water on that portion of 
the right bank of the Mississippi River extending from the mouth of Cypress Creek 
to Arkansas City, it was deemed more expedient to estimate the net escape above 
this latter point, by measuring the amount of water flowing through the bottoms on 
this latitude and making due allowance for the contribution of local watersheds, than 
to follow the entire tributary front ; especially as the observations made under the 
latter method would have been more imperfect in their character. 

Discharge observations over the line of the railroad from Arkansas City to Bayoa 
Ma^on were made as follows : 

The widths of the sections were measured with a tape line along the bridges, trestles, 
and culverts, soundings were taken every 50 feet, and the surface velocity was meas- 
ured with a log and line at intervals of 100 feet or less, as the variation in velocity 
demanded. 

In computing the results, a coefficient of .8 is used to reduce the velocity at the 
surface to a mean. 
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From Arkansas City to Ashton and from Delta to the month of Red River the fol- 
lowing methods were nsed : 

Where there were breaks in the levee of requisite importance the width was measured 
with the stadia, the section in the line of the levee was sounded, and the surface ve- 
locity was measured with the log and line. If the section compiised between the 
ends of the levee showed a large amount of scour, attributable to the vertical move- 
ment of the water flowing through it, an auxiliary section was sounded, either in 
front, if the batture was extensive, or in the rear of the levee, where the vertical: 
equilibrium of the water was somewhat restored ; a velocity was measured for thia 
auxiliary section and the width of the same estimated. Where the water was flowing 
over the top of the levee for a long stretch, the amount of discharge per linear foot waa 
estimatiCd and afterwards multiplied by the total distance found subject to such sub- 
mergence. For small breaks the output was either disregarded or the discharge esti* 
mated in its entirety. 

REDUCTION. 

The following formula is used for computing the discharge : 

Q=VXWXDXC, 
wherein : 

Q = discharge. 

V = surface velocity. 

D = depth or mean of soundings. 

W= width of cross-section. 

C = coefficient of reduction. 

COEFFICIENT. 

T^e only velocity measured being that of the surface, a reduction to mean velocity- 
is necessary in order to obtain the true discharge. The following have been adopted : 

For open streams, mean velocity = surface velocity X .8. 

Eor crevasses, mean velocity = surface velocity X .7. 

For discharge over the banks, mean velocity == surface velocity X »GS, 

STAGE. 

At Arkansas City the maximum gauge height occurred on February 28, nine daya 
before the main flood-wave had reached Helena, while at Greenville it occurred on 
February 27, ten days previous. 

At Lake Providence and Vicksburg the highest stage was reached on March 20,. 
eleven days after the crest of the flood-wave reached Helena. 

GAUGE-READINGS AND DIFFERENCES OF STAGE AT THE GAUGE STATIONS. 

Arkansas City : Feet» 

Highest stage, February 28, 1882 47.10 

Observed stage, March 29, 1882 44.05 

Difference , 3.05 

Greenville : 

Highest stago, February 27, 1882 41.70 

Observed stage, March 30, 1882 40.65^ 

Difference 1.05 

Lake Providence : 

Highest stage, March 20, 1882 38.32 

Stage of first observation, March 20, 1882 38.32 

Stage of second observation, March 30, 1882 36.35 

Difference 1.9T 

Vicksburg : 

Highest stage, March 20 and 21, 1882 48.75 

Observed stage, April 1, 1882 47.00 

Difference ...•••.. • 1.7& 
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Saint Josepli, La. : Feet 

Highest stage, March 20, 1882 44.90 

Observed stage, April 2, 1882 43.85 

Difference 1.05 

Natchez : 

Highest stage, March 28 and 20, 1882 47.75 

Observed stage, April 3, 1882 47.20 

Difference 0.65 

Red River Landing : 

Highest stage, March 27, 1882 , 48.50 

Observed stage, April 3,1882 48.10 

Difference 0.40 

Estimate of the amount of water flowing through the bottoms between Arkaneas City and the 
west hank of Bayou Ma^on, from meaauretNante made along the line of the Little Bock^ 
Mississippi Biver and Texas Bailroad^ on March 29, 1882. 



Looality. 



Chicot Bayoa 

Boggy Bayou 

Colverta 

Fulton Bayoa 

Dead Mairs Bayou 
Ma9on Bayou 



Croaa-sec- 
tion area. 



Sq.ft. 
16,748 
19,475 
375 
10, 520 
13,375 
6,061 



Total 

Lees, for local water-sheds 



Amount of escape on this line. 



66,554 



Mean ve- 
locityper 
seoonct. 



Feet 
1.85 
1.82 
2.16 
1.60 
1.28 
1.76 



1.41 



Discharge 
per sec- 
ond. 



Ou./t. 
22,600 
25,700 
800 
16,900 
17:200 
10,700 



93,900 
30,000 



63,900 



The maximam stage in the overflow was 32 inches above the observed stage. 

For maximum stage : 

Cubic feet per second. 

Escape at observed stage 63,900 

Increment, 5,840 X 2.7 X 1.4 22,100 

Escape at maximum stage 86,000 

These figures give the probable net escape from Cypress Creek and the Mississippi 
River into the Tensas Bottoms above Arkansas City, for the maximum stage and a 
stage 3 feet below the maximum. 

WATER BSCAPB INTO THB TENSAS BOTTOMS AT THE TIME OF OBSEBVI^O. 

Gabic feet per second^ 

Net escape above Ashton - 118,000 

Net escape from Ashton to Delta 219,000 

Net escape from Delta to the mouth of Red River 49,000 

Total 386,000 

Maximum stage. 

There are many important features of the flood regimen of the Mississippi River 
which bear upon the question of what constitutes a maximum stage for the entire 
Tensas Front, of which the following are some : 

The division of the main flood-wave on the Yazoo Front into two parts, one passing 
down the river channel and the other through the Yazoo Bottoms ; and the near prox- 
imity to the upper portion of the Tensas Front of two affluents of th.e size and impor- 
tance of the White and Arkansas rivers. 
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The point of jnnctare of the flood- wave from these tributaries with the wave 
descending from Cairo, and its relation to the precedence, coincidence, or sequence of 
the crests, often give a maximum stage along the upper portion of the front, which 
is considerably anterior to that, of the lower, while the more or less perfect conjunc- 
tion, at the mouth of the Yazoo River, of the two portions of the original flood- wave, 
has its eftect upon the staffe of the river for a considerable distance above, as well as 
along the whole section of the Ten«as Front lying below. 

The following data, bearing upon the relation of stage and discharge of the Miflsis- 
sippi Biver at flood-stage, are taken from the results of the observations made by 
Assistant Engineer Homer P. Rlrter : 

Discharge observations at Haytf Landing^ Miss, 
(Homer P. Bitter, F. S. assiatant engineer in charge.) 





January 21, 1882. 


March 20, 1882, 
maximiun stage. 


March 29, 1882. 


June 1, 1882, 
maximum dis- 
charge. 


Oansre^readiDg feet.. 

Water aiea square feet. . 

Width feet.. 

Mean velocity., .ft. per sec. 
Discharge ca. ft. per sec. . 


84.28 
161,534 
2,710 
6.06 
978,300 


88.58 
172, 105 
2,820 
5.44 
936,900 


"36.06 
164,614 
2,756 
5.56 
914.800 


94.14 
167, 396 
2,707 
6.26 
1,049,000 



These figures show that the reunion, at the month of the Yazoo River, of the two 
parts of the original flood- wave resulted in an increase of stage abov«*, for a given 
discharge, or, viewed in relation to the maximum discharge, in rendering negative 
the increment of dincharge for proportionate gauge heights, and in a retardation of 
the passage of the flood-wave. 

As the maximum discharge did not occur at the maximum stage, the amount of es- 
cape from the river at said stage cannot be regarded as indicating the increment in 
gange height which would occur if the escape were confined to the river under normal 
oppditions; that is, where the propagation of the flood-wave is restricted to the river 
channel. 

The following estimate of net escape is made for maximum stage : 

Cnhic feet per second. 

From the month of Cypress Creek to Ashton 150,000 

From Ashton to Delta, La 300,000 

From Delta, La., to the mouth of Red River 50,000 

From maximum stage along the Tensas Front 500^000 

TKNSA8 FRONT, FLOOD OF 1882. 

Mouth of Cypress Creek to Louisiana State line, 
[Observation by Hunter Stewart and J. B. Johnson.] 



Locality. 



Eatlroate of overflow water from Cypress Creek 
and MiHsiHsippi River, flowiug through the 
"bottoms along the line of the Little Uock, 

Mississipni Kiver and Tensas BaUroad 

Gaiaes Lanoing 

Below Gaines Landing ■ 

Below Gaines Landing (break in levee) . . ^ 

Below Gaines Landing 4. 

Do 

Above Point Comfort 

Pa-'toriato Lona (fonr breaks) 

"Whiaky Chute 

Ford and Spears : 

Do 

BoseBank 

Matthews Bend 

Do 



Total 



Veloc- 
ity. 



L8 
L8 



0.5 
Slack. 
0.06 
L5 
LO 
7.0 
3.0 
0.8 
LO 



Width. 



2,000 

660 

1,000 

2,600 

2.600 

lO.UOO 

1,000 

330 

460 

200 

830 

830 



Depth. 



3.0 
3.0 



3.0 



3.0 
LO 
3.0 
2.0 
7.0 
3.5 
LO 



Coeffi- 
cient. 



.7 
.7 
.6 
.7 
.6 
.7 
.7 
.7 
.7 
.7 
.7 
.7 



Date 
of obser- 
vation. 



M«r. 29 

Mar. 29 

Mar. 29 

Mar. 29 

Mar. 29 

Mar. 29 

Mar. 20 

Mar. 29 

Mar. 30 

Mar. 30 

Mar. 30 

Mar. 30 

Mar. 30 

Mar. 80 



Outflow. 



68,900 

7,fi00 
2,500 



2,700 



14,000 

10,000 

700 

4.400 

8,000 

000 

200 

8,000 

mifloo 



H. Ex. 64 6* 



82 



REPORT OF THE MISSISSIPPI RIVER COMMISSION. 



AskUm to Delta, maximum stage. 

[Obtervfttion by J. B. Johnson.] 
FIBST BSTIMATE. 



Locality. 



Ashton 

Alaatia 

Do 

Salem to Rolla (six breaks) . 
Sulla to Mrs. Bell's (seven 

breaks) .. . 

Mrs. Bell's to Point (Ave 

breaks) 

linntgomery to Bom's (two 

breaks) 

Omega to Buckbom (seven 

breaks) 

HilUken's Bend 



Total 



Yeloo- 
ity. 



0.75 
10.0 
10 

4.0 

40 

i.0 

4.0 

4.0 
&0 



Width. 



15,000 

165 

600 

1,980 

1,820 

1,000 

830 

3,000 
1,800 



Depth. 



4.0 
12.0 
10.0 
12.0 

4.0 

3.0 

2.0 

&0 
8.0 



Coeffi- 
cient. 



.65 

.7 
.7 
.7 

.7 

.7 

.7 

.7 
.7 



Date 

of obser- 

vation. 



Mar. 20 

Mar. 21 

Mar. 21 

Mar. 21 

Mar. 21 

Mar. 21 

Mar. 21 

Mar. 21 

Mar. 21 



Maxi- 
mmn 
stage. 



Mar. 20 

Mar. 21 

Mar. 21 

Mar. 21 

Mar. 21 

Mar. 21 

Mar. 21 

Mar. 21 

Mar. 21 



Date of 
break. 



Old 

.V ar. 21 
Mar. 21 



Mar.18,17 



Ont- 
flow. 



20,000 
14.000 
46,000 
67,000 

15,000 

8,000 

2,000 

8i,ooa 

86,000 



208,000 



SECOND BSTIMATB. 



LooaUty. 



Ashton 

Alsatia to Goodrich's 

(three breaks) 

Above Edeemont 

(three breaks)..... 

At Bella's. 

Bolla to Mrs. Bell's 

(five breaks) 
Bella to Mrs. Bell's 

(fonr breaks) 

Mrs. Bell's to Wll- 

low Point (three 

breakn) 

Willow Point to Del. 

to.- 



Total. 



Veloo- 
ity. 


Width. 


Depth. 


Coeffi- 
cient 


0.76 


15,000 


2.0 


.65 


5.0 


3,800 


&0 


.7 


3.0 
3.0 


1,800 
480 


4.0 
4.0 


.7 

.7 


1.0 


2,140 


1.0 


.7 


0.0 


660 


0.0 




0.0 


650 


0.0 




4.0 


5,200 


6.5 


.7 



















Date 
of obser- 
vation. 



Mar. 30 

Mar. 30 

Mar. 30 

Mar. 30 

Mar. 30 

Mar. 30 

Mar. 30 

Mar. 30 



Maxi. 
mnm 
stage. 



Mar. 20 

Mar. 21 

Mar. 21 

Mar. 21 

Mar. 21 

Mar. 21 

Mar. 21 

Mar. 21 



Differ- 
ence of 
stoge. 



2.0 

4.0 

4.0 
4.0 



1.5 



Date of 
break. 



Old..... 
Mar. 21 



Oni- 
flow. 



16^000 

92,000 

11,000 
4,000 

2,000 



95,000 



219,000 



Delta to Bed Biver. 



[Observation by Honter Stewart and J. B. Johnson. 1 



Locality. 



Upper side of Delto. 
Lower side of Delto. 



Below Delto (2 breaks) 

Yicinity of Brown and Johnson's 

(old break) 

Castleman's to Uioo 



Hico to Sargento : 

KUlakranka (^ breaks) 

Jnst below Killakranka 

Harper Bayoa 

Between Harper Bayonandthe 

ends of the levee 

Buokner's (2 breaks) 



Velocity. 



4.0 



L5 

1.5 
2.0 

1.5 
4.0 
4.0 
7.0 



4.0 



Width. Depth. 



1,200 



250 

13,000 
17.500 

15,000 
165 
330 
200 

430 
250 



1.0 



4.0 

8.5 
4.0 

3.5 

1.5 

3.U 

24.0 



Coeffi. 
oient. 



3.0 



.7 



.7 

.7 
.65 

.65 
.7 
.7 
.8 



Date of 
obser- 
vation. 



Date of 
break. 



.7 



Apr. 1. 

Apr. 1. 

Apr. 1. 

Apr. 1. 
Apr. 1. 



Apr. I. 
Apr. 1. 
Apr. 1. 
Apr. 1. 



Apr. L 



Ont- { Rnm" 
flow. matlOB. 



3,400 



— 3,400 



Mar. 13. 



1.000 

48,000 
91,000 



8,400 



— 51,000 

— 700 

— 2,800 
~ 27,000 

-> 2,000 

— 2,100 



140,000 



5<L40» 
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Delta to Bed Biver—Contmned, 



Locality. 



Point Pleaeant 

Do 

Do 

Lower side of Point Pleasant. . 



Bnokridge 

Between Bnckridge and Ship's 
Bayoa 

Halt a mile above Hard Times . . . 

Hard Times to Deshroon's 

Do 

Do 

Above Hardscrabble 

At Hardscmbble 

Bondnrant 

Kempe., 

Water Proof, break in new levee. 

Water Proof break in old levee 

Water Proof (3d break) 

Holein the Wall 

Upper arm of Lake Concordia, 
over the levee and through 
breaks 

Lower arm of Lake Concordia . . . 

From the end of the Henderson 
and Ashley levee to Grand Cat- 
oft, 35 miles, at 5,000 cable feet 
per second per mile~retaming 
to river 



Velocity. 



4.0 
5.0 
4.0 
0.7 

0.7 

5.2 
1.4 
0.0 
1.2 
L5 
3.8 
5.0 
8.0 



3.0 

ao 

L3 



2.5 
2.5 



1.0 



Width. 



830 

250 

105 

2,000 

2,000 

830 
050 
130 
120 
50 
250 
830 
830 



660 
400 
850 
260 



35.000 
25,000 



175,000 



Depth. 



20.0 

ao 

LO 
8.0 

2.5 

8.0 
12.0 
8.0 
0.5 
6.0 
0.0 
8.0 
7.5 



Coeffi- 
cient. 



10.0 
8.0 

45.0 
8.C 



LO 
LO 



LO 



.7 
.7 
.7 
.7 

.7 

.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 



.7 
.7 
.7 
.7 



.7 
.7 



Date of 
obser* 
vation. 



Date of 
break. 



Apr.l. 
Apr. 1. 
Apr. 1. 
Apr. L 

Apr. 1. 

Apr. 2. 
Apr. 2. 
Apr. 2. 
Apr. 2. 
Apr. 2. 
Apr. 2. 
Apr. 2. 
Apr. 2. 
Apr. 2. 
Apr. 2. 
Apr. 2. 
Apr. 2. 
Apr. 3. 



Apr. 3. 
Ap r. 8. 



Apr. 8. 



Har. 5 



Oat- 
flow. 



Snm- 
matioBi« 



18,000 

5,000 

500 

8,000 



Mar. 21. 
Mar. 21. 
Mar. 21. 



— 3,200 

0,600 

11.200 

4,400 

LOOO 

800 

5,200 

0,200 

5,200 

1,200 

13,000 

13.400 

03,700 

700 



82,900 
70.700 



Mar. 24. 
Mar. 24. 



87.500 
62,600 



—175^000 



248,700 

161,200 
223.700 



48,700 



BxamifMtUon of the right hank of the Mieeiaaippi Biverfrom the mouth of Bed Biver to Don' 

alddonvillef flood of 1082. 

[Observation by Hunter Stewart] 



Locality. 



Velocity. 



Bed Biver Landing 
Do 



Hog Point. 
Do.. 
Do.. 
Do.. 
Do.. 



Morgansa— crevasse proper 

Between channel of the crevasse and 

the ends of the levee 

Point Coupee 



8.0 
2.0 

2.0 
LO 
3.0 
2.0 
8.0 

4.5 

2.0 
7.5 



Width. 



250 
100 

40 
130 
200 
150 
200 

800 

8,800 
2,200 



Depth. 



7.0 
6.0 

2.5 
6.0 
2.5 
5.0 
5.0 

22.0 

10.0 
10.0 



Coeffi- 
cient. 



.7 
.7 

.7 
.7 
.7 
.7 
.7 

.7 

.7 

.7 



Date of 
obser- 
vation. 



Apr. 4. 
Apr. 4. 

Apr. 4. 
Apr. 4. 
Apr. 4. 
Apr. 4. 
Apr. 4. 

Apr. 5. 

Apr. 5. 
Apr. 6. 



Out- 
flow. 



3,700 
1,000 



200 

500 

1,000 

1,000 

2,100 



55,400 

46,200 
115^500 



Snm* 
matioii«> 



4,700^ 



9,500^ 



111, too* 

226^000' 



Eoeamination of the Arizona and Landry crevassesy Louisiana, flood of 1882. 

[Observation by Hunter Stewart ] 



Locality. 



Arizona, Iberville Parish . 
Landry. Ascension Parish 



Velocity. 



10.0 
6.6 



d th. 



1,000 
128 



Depth. 



4.0 
5.0 



Coeffi- 
cient. 



Date of 
observ- 
ation. 



7 Apr. 7 
Apr. 6. 



Out- 
flow. 



28,000 
3,000 



Snm- 
matioa. 



8i,oor 
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4.— Saint francis front, tbx yazoo front, ani> a portion of the tensas front, 

FOR FLOOD OF IStiS. 

(With an approxtinate det«nniBfttion of the disobarfre of the Saint Fnuiots and Yaaoo riTora, by Hon- 
ter StifWMl, United StatM aaalatftnt engineer. Party of Hontor Stewart and Homer P. Sitter, 
. TJnited States aaaiatant engineers.) 

SCOPE OF WORK* 

• 

The work contemplated in the letter of instructions of February 25, consisted of 
an examination and an approximate determination of the amount of water escape 
from the Mississippi River oyer the following portions of its banks : The Saint Francis 
Front, or the rignt bank fjom Commerce, Mo., to Helena, Ark., the Yazoo Front, or 
the left bank from Horn Lake to Vicksburg, and the Tensas Front, or the right bank 
from the mouth of Cypress (;reek to the mouth of Red River. 

This was afterwards amended by the letter of instructions of March 13, which lim- 
ited the examination of the Tensas Front to that portion of it which lies above 
Delta, La. 

outfit. 

The steamer S. C. Baker, equipped with a single crew, was assigned for this service. 
The engineer force consisted of Messrs. Hunter Stewart and Homer P. Ritter, United 
States assistant engineers. I take pleasure in acknowledging the efficient and valu- 
able services rendered by Mr. Ritter. 

journal. 

, Monday, February 26, 1883 : The party left Saint Louis on board the steamer 8. C. 
Baker at 6 p. m. 

Tuesdav, February 27 : This day was consumed in making the run from Carondelet 
to Daniers Landing. 

Wednesday, February 28 : Arrived at Cairo at 8 a. m ; coaled steamer. Left Cairo ' 
«k 1 p. nu, examined the right bank from the upper side of Bird's P<Mot to the lower 
portion of Lucas Bend. 

Thursday, March 1 : The examination of the right bank was continued ; that por- 
tion lying between the lower portion of Lucas Bend and Lazelle's Landing was gone 
over. 

Friday, March 2 : The portion of the Saint Francis Front situated between Lazelle's 
Landing and Osceola was examined. 

Satui^ay, March 3 : Coaled steamer at Plum Point. The work extended from Os- 
ceola to Fldorado. 

Bundav, March 4 : The examination of the right bank was carried to Hopefield 
Point. Proceeded to Memphis, and telegraphed the office as per instructions. Found 
the river rising at Memphis ; lay there the rest of the day. 

Monday, March 5: Lay all the morning at Memphis. At 12 m., finding that the 
rise during the previous six hours was slight, left poit at 1 p. m. Examined the right 
bank from Hopeiield to Graves Bayou. Arrived at Norfolk Landing at 5p. m. ; ascer- 
tained that the river had risen 7 inches between the morning of the 3d and the morO" 
ing of the 5th instant, and was continuing to rise. Lay at Norfolk Landing daring 
the night. 

Tuesday, March 6 : Lay here all day, as the river continued to rise. 

Wednesday, March 7 : The rise at Norfolk Landing during the night of the 6th and 
7th was but slight, and the news from Memphis indicated that the recent rise wai 
caused by the outflow from the Saint Francis Basin. Examined the right bank from 
Graves Bayou to Ashley Point, and the left bank from Norfolk Landing to Mhoon's 
Landing. 

Thursday, March 8 : The right bank was examined from Ashley Point to the mouth 
of the Saint Francis River, and the left bank from Mhoon's Landing to Short Stop. 
The discharge of the Saint Francis River was measured at a point about 2^ miles 
above its mouth. 

Friday, March 9 : The examination of the Saint Francis Front was completed. The 
section of the Yazoo Front comprised between Short Stop and Glendale was recon- 
noitered ; the levees were followed systematically. 

Saturday, March 10 : The examination of the Yazoo Front was continued. The 
lervees were followed from Glendale to Friars Point. 

Sunday, March 11 : The examination of the Yazoo Front was continued and carried 
to Sunflower Landing. 

Monday, March 12: The examination of the Yazoo Front was continued. The 
iVevasse at Gilchrist, 3 miles below Australia, was gauged. Inquiries concerning the 
state of the levees were made, and they were reported and found to be safe t<» Mound 
Place. The examination of the Tensas Front was commenced, and that portion situ- 
ated bet«veen the mouth of Cypress Creek and Arkansas City was inspected, and the 
discharge along it gauged. 

Tuesday, March 13 : On the Yazoo Front the levee was reported and found to be 
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intaet to Greenville. On tlie TensaB Front the examination was carried to LeTatHTs 
Wednesday, March 14 : The Tensas Front was examined from Leland's to Wilson's 

Point. On the Yazoo Front the levees were safe. 
Thursday, March 15 : Coaled steamer. The Elleslie crevasses, on the Yazoo Front, 

were examined, and the examination of the Goodrich crevasse, on the Tensas Front. 

was commenced. 
Friday, March 16 : The examination of the Goodrich crevasse wa8 completed. The 

levees on the rijght hank were reported intact to Delta ; the Yazoo River was gauged ; 

proceeded to Yickshnrg, where orders were received to discontinue the wotK. The 

steamer S. C. Baker was turned over to the captain of the same, as per instructions. 

METHODS OF OBSERVATIONS. 

The method of observation varied with the character of the outlet. The channels 
may be classiiied as follows : 

1. Over the natural surface of the bank. 

2. Over the top of the levee. 

3. Through a crevasse in the levee. 

4. Through open streams. 

(1.) Over the natural surface of the hank, — ^The mode of observing for this character 
of outlet is described in the report on the examination of the Saint Francis Front for 
the flood of 1882. No material change was made this year, with the exception of the 
omission of the measurement of the water flowing directly over points— that is, leav*- 
ing the river on the upper side, to return immediately on the lower side, without any 
increase or diminution of volume. The action of the flood of 1882 Indicated wherO 
this could be safely done. 

(2.) Over the top of the levee. — For the determination of the discharge occnrring over 
,the top of the levee, frequent soundings were taken, the velocity was measured with 
the log, and the length of submergence with the stadia. When the distance was too 
great to be measured, or the bends in the levee or thickness of the underbrush pre* 
vented the use of the stadia, then the length of overflow was estimated. Whenever 
there was an important change either in the depth or the velocity of the escaping 
water, the distances applicable to the other elements of discharge were estimated. 
The depth and velocity for continuous submergence of the levee were found to remain 
very nearly uniform. This may be due to the fact that the levees were built to a 
grade which is, presumabljir, equal to the slope of the river at high water, and that 
there was but little variation in the fall of the water. 

(3.) Crevasse in the levee,— The discharge of a crevasse was obtained by measuring 
ita width with the stadia, its surface velocity with the log, and determining its mean 
depth by sounding a cross-section, the number of soundings varying with the size of 
the crevasse. There are in the tabulation two discharges which were not obtained 
by direct measurement or observation — the Horn Lake crevasses on the Yazoo Front, 
and the Luna crevasse on the Tensas Front. A personal inspectitm of these was 
omitted on account of the reliable information received concerning them. 

(4.) Open streams.-^In the case of small open streams, a cross-section was sounded, 
the soundings being placed approximately equidistant, the surface velocity waa 
measured with the log, and the width was estimated. 

In the gauging of the Saint Francis and Yazoo rivers, the soundiogs were located 
either with the stadia or with the transit, the velocity was obtained by means of rod- 
floats, and the width of the cross-section was determined by stadia measurement. 

COMPUTATION. 

The following formula is used in computing discharge: 

Q = V X W X S X C; 

Wherein : 

Q = discharge. 

V = measured velocity. 

W = width of cross- section. 

S := mean depth of cross-section. 

C = coefficient of reduction. 
The following is a list of coefficients generally used in the computations : 
For open streams, mean velocity = surface velocity X .8. 
For crevasses and flow over the levee, mean velocity = surface velocity X .7. 
For discharge over the bank, mean velocity = surface velocity X .7 ; and eflective 
area = measured area X .9. 

Q = V X Wx S X C, where, C = .65, 

.. JiL special cases othor coeffioients are used — ^for inatance, for the escape in Beck-^ 
with's Bend (Saint Francis Front) .5 is used, owing to the great amount of drift 
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which was banked up against the timber, and in the compntation of the diBchaxK<6 
of the Yazoo River, a coefficient of .92 is used to lednce measured to mean velocity on 
account of the immersion of the rod-floats. 



8TAOB OF RIVBR. 



A table is given below of the relation of the stages of the floods of 1882 and 1883 
ftom Cairo to Vicksburg ; also the relation of the stage at which the observations 
were made to that of the maximum stage of this year, giving the respective dates. 

Cairo to Vicksburg (flood stages). 



Locality. 



C«iTo,in 

Widow Mercer's, Mo 

O'Bryftn's, Mo 

Selmont, Mo 

Salmoa'd, Kv 

HickmMi, K.7 

Saint James !Bayoa, Mo 

Lester's, Ky 

BoDaldson's Point, Mo 

Morrison's LandinfT, Mo .... 

Toney's Landing, Mo 

Point Pleasant, Mo 

Batsell's Landing, Mo 

Cottonwood Point, Mo 

Backner's Landing, Mo 

Falton, Tenu 

Month Hatchee River, Tenn 

Randolph, Tenn 

Pecan Point, Mo 

Thomas Landing, Tenn , 

Redman's Landing, Mo 

Memphis, Tenn 

Norfolk Landing, Miss 

Commerce Landing, Miss... 

Mhoon's Landing, Miss 

Bordeanx Point, Miss 

Austin, Miss 

Helena, Ark 

Delta, Miss 

Saint Lonis Landing, Ark . . 
Sunflower Landing, Miss. . . . 

Pushmataha, Miss 

Australia, Miss 

Gilchrist's, Miss 

Laconia, Ark 

Concordia, Miss 

Cumbyville, Ark 

Riverton, Miss 

Ozark Island, Ark 

Niblett's, Miss 

Bolivar, Miss 

Catfish Point, Miss 

Eutaw, Miss 

Mound Place, Miss 

Arkansas City, Ark 

Gaines Landin g, A rk 

Llewellyn's, Ark 

Luna Landing, Ark 

Greenville, Miss 

Leland's Ark 

Befuge, Miss 

Glenora, Miss 

Boss Landing, Ark 

Ashton,La 

Wilson's Point, La 

Lake Providence, La 

Elleslie, Miss 

Goodrich's, La 

Vicksburg, Miss 



Date of 
observa- 
tion flood 
of 1863. 



Feb. 

Feb. 

Feb. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 11 

Mar. 12 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 12 

Mar. 12 

Mar. 12 

Mar. 12 

Mar. 12 

Mar. 12 

Mar. 12 

Mar. 13 

Mar. 13 

Mar. 

Mar. 

Mar. 14 

Mar. 14 

Mar. 14 

Mar. 14 

Mar. 14 

Mar. 14 

Mar. 15 

Mar. 15 

Mar. 16 

Mar. 16 



28 
28 
28 
1 
1 
1 
1 
1 
1 
I 
1 
1 
2 
2 
2 
3 
3 
3 
3 
3 
4 
5 
7 
7 
7 
8 
8 
10 
10 
11 



12 
12 
12 
12 
12 
12 



13 
13 



Date of 
maximum 
stage, 1883. 



Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Mar. 
Feb. 
Feb. 



27 
27 
27 
27 
28 
26 
27 
28 
28 
1 
27 
28 



Feb. 
Feb. 
Mar. 



28 

26 

1,2 



Mar. 
Feb. 
Mar. 
Mar. 
Mar. 



1 

28 
4 

e-8 

9 



Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 



7,8 

10 

8 

8,0 

6 

10 



Mar. 10, 11 



Mar. 10 
Mar. 10 
Mar. 10 



Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 



9-12 
11 
11 
10 
10 
11 
8 
11 
11 
12 
12 
12 

10-12 
11 
16 
25 
10 
14 
14 

11-14 
14 



Apr. 



Maximum 

stage, 1888, 

ref. msxi- 

mum stage, 

1882. 



+ 



Feet. 
0.30 
0.88 
0.68 
0.48 
0.83 
0.32 
0.46 
0.50 
0.83 
0.25 
0.17 
0.83 



0.17 
0.25 



0.08 
0.00 
0.13 



0.04 
0.16 
0.12 
0.04 
0.04 
0.17 



Feel, 



0.54 
0.50 
0.50 



0.00 



0.40 
0.58 
0.42 
0.60 
0.67 
0.35 
0.30 
0.42 



0.33 
0.40 
0.42 
0.83 
0.67 
0.67 
0.92 
0.50 
L03 
0.75 
0.40 
0.58 
0.58 
L32 
0.80 
L17 
0.50 
1.17 
1.00 
2.40 
L85 
1.85 
2.50 
4.95 



ObaervatioK 

stage, 1883, 

re£maxi- 

mumstMse, 

1888. 



+ 



Feet 



0.00 

6.'o6' 



0.00 



0.00 



0.00 

o'oo" 



0.00 
0.00 



0.00 



0.00 



0.00 
0.00 



0.00 
0.00 



0.00 



FeeL 
0.08 



0.27 



0.00 



0.00 
0.17 
0.16 



0.00 



0.00 
0.06 
0.17 



0.00 



0.09 
0.06 
0.05 

M * • • « 

0.00 
0.0» 
0.26 
0.30 



0.83 
0.00 
0.08 



o.ia 

'6.'04 



0.00 
0.05 
0.06 
0.00 
0.00 
0.06 



0.00 
0.00 
0.06 

a 05 

0.00 

a75 
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fiAIMT FRANCIS FRONT, COMMERCE, MISSOURI, TO HELENA, ARKANSAS. GENBRAI» 

DESCRIPTION OF OVERFLOW. 

From Commerce, Mo., to within five miles of Bird's Point, there was no appreciable 
escape from the river. On the npper side of Bird's Point there was a large qnaotity 
•of water leaving the river, the greater part of which returned between Bird^s Point 
and CBryan's. A portion of O'Bryan's farm was above overflow. From O'Bryan's to 
the lower portion of Lucas Bend there was a large escape, while from the upper side 
•of Belmont Point to nearly midway of Wolf Island chute there was considerable re- 
turn flow. There was some escape in the lower portion of Wolf Island Chute, and 
^uite a volume of water leaving the river in Beckwith's Bend, and there was a con- 
tinuous return flow from chute of Island No. 6 to the middle of the bend of Island Ho. 
6. From the lower portion of the bend of No. 8 to the upper side of Donaldson's Point, 
a large escape took place, while there was a vast quantity of water returning to the 
river betwenn Donaldson's Point and New Madrid. From a short distance below New 
Madrid to the head of Island No. 11, the bank was exposed ; from Point Pleasant to 
Phillips' Landing the bank was overflowed ; Ruddle's Point was exposed. 

From Stewart's Landing to Craighead Point there was a continuous submergence of 
the natural bank, but there was not a movement in the overflow for all of the distance, 
owing to the action of the levees in the rear. In the vicinity of Gayoso there was a 
return flow during the maximum stage of the flood of 1883, while at the observation 
«ti*ge, and presumably at the maximum stage of the flood of 1882, there was an escape 
£rom the river. In the bend of Island No. 34 there were only three small crevasses. 
Morgan's Point was submerged on the upper side with no current in the overflow, the 
point itself was exposed, and on its lower side there was a slight submergence. There 
was no escape or return flow in the bend of No. 35. From Hampson and Ferguson's 
to Pecan Point the bank was mostly out of water. From Pecan Point down McGa- 
Tock chute, and round the old bend of Island No. 37 to Viola Landing, the right bank 
was 2 feet out of water. From Viola Landing to Pacific Landing there was no over- 
sow. From Turner's woodyard to Hopefield there was a continuous overflow. There 
was one break in the levee on the loWer side of Hopefield Point, and another at about 
the middle of President's Island Bend, through both of which the water was flowing 
into the river. 

At McConnell's Landing the land was mostly out of water, but where it was over- 
flowed there was an escape taking place. From McConnell's to Reeves' the levee was 
not submerged. At Harris' and below Scanlan's, the overflow was stationary. In 
Cow Island Bend there was a slight escape, and the levee in the rear of Cat Island 
was intact. From Harcklerode's to Helena there was a continnons overflow. The 
€aint Francis River was gauged at a point about 2^ miles above its mouth, where the 
right bank was exposed. 

The examination was closed by observing the movement of the overflow along the 
left bank of tthe Saint Francis from the location of the discharge section to its mouth. 

RESULTS. 

Cubic feet per seoosd. 

Net escape or probable error. Commerce to New Madrid , . . . 45, 000 

Summation for section below New Madrid 

Escape to Phillips' 50,000 

Return flow, vicinity of Stewart's Landing 10,000 

Net escape at Batsell's Landing 40,000 

Escape Batsell's to Island No. 14 90,000 

Escape at Island No. 14 130,000 

Return flow, Gayoso 95,000 

Net escape, Gayoso "35, 000 

Escape, Bell's Point to Wright's Point 175,000 

Net escape to Wright's Point 210,000 

Return flow, Barfield 25,000 

Net escape, Barfield 185,000 

Escape from Barfield to Daniel's Point 48,000 

Escape from Daniel's Point to Lanier's 78,000 

• ^— — — . 

Net escape at Lanier's 311,000 



apeai 
flow, 



Return flow, Bend of No. 35 2,000 

Net escape to Pecan Point 309,000 

Escape, Fogelman's Chute to HoUybush Landing 64,000 
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CaUo H0t per Mooftd. 

Net escape at Holl^bash Landing 373,000 

Retam now, vicinity of Mound City 18,000 

Net escape at Monnd City 355,000 

Escape, Monnd City to Hopefield 58,000 

Net escape at Hopefield 413,000 

Betum flow, Hopefield to McConnell's - 17,000 

Ket escape above McConnelPs 396,000 

Escape, McConuell's to Graves Bayou 13,000 

Net escape at Graves Bayou 409,000 

Net escape between Graves Bayou and Excelsior P. O 24, 000 

Net escape at Council Bend 4:^3,000 

Return flow in Council Bend , 76,000 

Net escape at Johnson's Landing 357,000 

Escape from Johnson's Landing to Wain nt Bend 114, 000 

Net escape, head of Waltiut Bend 471,000 

Return flow, Walnut Bend 99,000 

Net escape, foot of Walnut Bend 372,000 

Return flow. Walnut Bend to mouih of Saint Francis River 139,000 

Net escape at the mouth of Saint Francis River 233.000 

The ridge ou which New Madrid is situated was not covered either by the flood of 
18*2 or by that of 1883. The town of New Madrid was submerged during both of 
these floods, but its site is not on the crest of the ridge. It has albo been learned 
from reliable information of residents of this section that little, if any, overflow 
water escaped over or through this ridge into the lower section of the Saiut Fraucia 
Bottoms. In view of this fact, taken in connection with the uncertainty of the escape 
of any overflow water through the depression between Big Prairie and the Commerce 
hij^h land, the net escape of 45,000 cubic feet per secoud above New Madrid, as ob- 
tained from the observations, is not included in the summation of net escape for points 
below. In this connection there is another fact t.o be taken iuto account, which is, 
that the quantity of 45,000 cubic feet per second represents a very small pi-obable error 
in the measuiement, by such methods as were used, of 1,870,000 cubic feet per second, 
which is the arithmetical sum of the movement of oveirflow takiug place over the 
bank of the river between Commerce and New Madrid. 

SAINT FRANCIS RIVER. 

Cnbio feet per aeoond. 

Measured discharge 373, OOO 

Supply from the net escape from Mississippi River 233, 000 

Supply from other sources, or excess of discharge 140, 000 

The discharge of the Saint Francis River as given by the observations of March 8, 
188:^, is greatly in excess of its estimated discharge at the maximum stage of the flood 
of 1882, as made in tht^ report upon the same. 

The maximum stage of 1883, at the discharge section, was reported to be 1 foot be- 
low the maximum stage of 1882, and the reconnaissance of the Saint Francis during 
the flood of 1882 was made at a stage .8 foot below the maximum of that year, so that 
the actual stages of the two examinations were very nearly equal. The estimate of 
the discharge for 1882 was, to a certain extent, based upon the discharge obser- 
vation made at Madison, as there was no available outfit for gauging the Saint 
Francis near its mouth ; a section was sounded at about the same place where the 
discharge was observed in 1883, and the velocity was estimated by its apparent rela- 
tion to the measured velocity at Madison. 

The greater velocity of thetriver during the flood of 1883 was v6ry noticeable. 

The excess of the output of the Saiut Francis over the net escape from the Missis- 
sippi River may represent the amount contributed by the tributaries of the Saint 
Francis, or these plus the error of the flood observations, or it may be due to the fact 
that the Saint Francis actually carried the escaping water at a more rapid rate owing 
to the comparatively low stage at its mouth. 

The following table of change of stage shows that a very great amount of water 
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was discharged by tbe Saint Franeis River, from whatever sonrce it was received^ 
for from March 1-9 the river oscillated .15 foot at Memphis, rose 2.5 feet at Mhoon's, 
and 3.3 feet at Helena. Thus after the crest of the flood* wave, as propagated down 
the river channel proper, had reached Memphis, and a fall had set in, the rise from th& 
Saint Francis oansed an increase of stage in the Mississippi as fbr above its i^oath as 
Memphis. 

Table of change of stage. 



Date. 


Memphis. 


Hhoon's. 


Helena. 


Change. 


Feet 


Change. 


Feet 


Change. 


Feet 


Mnroh 1 , r 


Kise. 

Fall. 
Stationary. 
Stationary. 

Kise. 

Kise. 
Stationary. 
Stationary. 

FaU. 


0.05 
0.05 
0.00 
0.00 
0.10 
0.05 
0.00 
0.00 
0.15 


Kise. 
Kise. 
Kise. 
Kise. 
Kise. 
Kise. 
Kise. 
Kise. 
FalL 


0.03 
0.16 
0.14 
0.72 
0.70 
0.40 
0.30 
0.05 
0.07 


Kise. 
Kise. 
Kise. 
Kise. 
Kise. 
Kise. 
Kise. 
Kise. 
Stationary. 


0.16 


2 


0.25 


8 


0.85 


4 


0.75 


5 


1.06 


6 


0.50 


7 


0.15 


8.... 


0.10 





0.00 







Saint ^anda Front, 1883. — Table of water escape of 18»33 over that portion of the right bank 
of the Mississippi Siver forming the front of the Saint Francis Bottom {Commercet Mo,, 
to Helena, Ark.y, 

[Abbbbviationb : Y, surface velocity in feet per second. W, width, in feet, of the cross-seotion to 
which V and S are applied. S, soandings in feet. C, coefficients used to reduce Y to mean veloc- 
ity and to correct croos-section area fur obstructions. Z, ma^metic azimuth of the direction of the 
cfnrrent. A, direction of cm rent; f, from river; t, toward Hver; p, parallel. Q, escape in cubic 
feet per second; with minas sign it indicates return flow. Q", net escape in cubic feet per second.} 



Date. 



1883. 
Feb. 28 
28 

28 

28 
28 
28 

28 

28 
28 
28 



Mar. 



No. 



A 

1 



3 

4 
5 

6 

7 
8 


10 
11 
12 

13 

14 

15 
16 
17 
18 

18a 

19 

20 

21 

22 

23 
24 
25 



Locality. 



Above Kailroad transfer . . . 
Kailroad transfer above 

Bird's Point 
Upper side of Bird's Point. 

Above old Norfolk Landing 

Witlow Mercei 's 

li mile below Norfolk Land- 
ing. 
Just above O'Bryan's 



Just below O' Bryan's 

Jarr's. : 

Lower portion Lucas Bend. . 

I mile above Belmont 

{mile below Belmont .. 

Upper portion Wolf Island 

Chute. 
Middle of Wolf Island 

Chute. 
Lower portion Wolf Island 
Chute (over levee). 

Q. Beokwith's 

Fan is Landing 

Middle of Beokwith's Bend. 
Sam Parker's 

Thute of Island No. 6 

Below foot of Island Na 6. 



Just above Saint James 
Bayou. 

Saint James Bayou 

Bend of No. 8 

Middle of Bend No. 8 



1.6 

3.3 

LI 
LO 
1.2 

LO 

3.8 
2.5 
2.3 

14 
0.6 
0.7 



LO 

2.5 
L7 
L5 
L6 

L5 
0.6 
0.8 
L5 
L2 

L3 
0.3 
LO 



W 



6,400 

5,000 

3,000 

7,500 

11,000 

6,000 

5,600 

0,700 

10,400 

10,400 

7,500 

14,000 



8,000 



6,000 

10, OUO 

8,000 

14,000 
9,000 

12,500 
9,000 
4,300 

110 

8,500 

14,500 



S 



9.5 

ILO 

5.0 
6.5 
8.0 

9.5 

9.0 
7.0 
7.0 

7.0 
4.5 
5.0 



LO 

9.0 

4.0 

10.0 

4.0* 



6.0 
5.5 
7.0 
8.5 

3.4 
5.5 
6.5 



.65 

.65 

.65 
.65 
.65 

.65 

.65 
.65 
.65 

.65 
.65 
.65 



Direction. 



280 
260 



.5 

.65 

.65 
.65 
.65 
.65 
.65 

.7 

.65 

.65 



205 
280 

S 

70 
S 
845 

275 

325 

S 



75 

io" 



25 
41 
45 
25 

45 

S 

28 



/ 
/ 

t 
t 
t 



f 
/ 

t 
t 
t 



Q 






t 
t 
I 
t 



t 
t 
t 



35, 000 
63,200 

118,000 



—10, 700 
—31,700 
—68,600 

—37,000 



108,100 
110,800 
108,800 



—66,200 
—13, 200 
—31,900 



8,000 



26,500 
75,000 
33,300 



•P.21,000 
—21, 100 
—35, 800 
—61,400 
—28,500 

— 3,400 

— 9,100 
—61.300 



Q" 



216,200 



68,200 



895^400 



284,100 



426,900 



185,800 



90 



BKPORT OF THE MISSISSIPPI BIVER COMMISSION. 



8aM Frands Froni, 1883.— ToMs afwaUr e$eap0 <if 1883, ^— Continaed. 



Dsto. 


.NOL 


1888. 




iar. 1 


26 


1 


27 


1 


28 


1 


29 


1 


80 


1 


80a 


1 


81 


1 


82 


1 


33 


1 


34 


1 


84a 


1 


86 


1 


3Sa 


1 


856 


1 


30 


1 


87 


2 


38 


2 


89 


a 


40 


a 


41 


a 


42 


2 


43 


2 


44 


2 


45 


2 


46 


2 


47 


2 


48 


2 


48a 


2 


49 


2 


50 


2 


51 


2 


51a 


2 


52 


2 


52a 


2 


525 


2 


58 


2 


54 


2 


55 


2 


56 


2 


57 


2 


58 


2 


69 


2 


60 


2 


61 


2 


62 


2 


63 


2 


63a 


3 


64 


3 


64a 


3 


64b 


8 


65 


3 


66 


3 


67 


3 


71 


3 


72 


8 


73 


4 


74 


4 


76 


4 


77 




78 



Loealiiy. 



Lower portioii Bend Ka 8. 

PhilUiM'.... 

Opposite Lester's 

OppositA State line 

Judge Biley's 



Donaldson's Point 

Attiberry's 

C. A. Lanrge 



Morrison's 

Saint John's Bayou 

Liitle or Dry Bayou 

Vicinity of Dry Bayou . . 

Town of New Maarid..... 
Net escape or probable error 

above New Madrid. 
Point Pleasant to Phillips' 
Phillips' 



Above Cushion Lake Bayoa 

Cushion Lake Bayou 

Stewart's Landing 



Batsell's Landing ... 
Above IcJsnd No. 14 



Below Island No. 14. 

Above Gteyoso 

Bavou at (ray oao 

Below Gayoso 



BeU's Point 

Chute of Islands 16 and 17 

(estimated). 
Head of chute Tsland No. 18 

Chute of Island No. 18 

do 

Half-Moon Bayou 

Foot of chute of Island No. 

18. 

Over levee 

Jackson's Store to Midway 

Midwav Landing 

Below Hofiman's Landing.. 

Hickman's Landing 

Wright's Point 



Buckner's Landing 
Barfleld Landing . . . 



Ih miles below Barfleld 
O^Donnel's Landing. . . . 
Canadian Beach 



I mile above Daniel's Point . . 



Fletcher's Landing 

Below Elmot 

Sans Souci 

Vicinity of Tanzas Landing. 

Craighead Point 

Lanier's , 



Preston's Landing. 
Hampson's 



Just above Turner's wood- 
yard. 
Middle of Fogelman's Chute. 
Foot of Fogelman's Chute . . 



Eldorado 

James' 

Stmutman's 

HoUybush Landing. 



2.0 
a8 
LO 
1.4 
2.6 

L6 
LO 
LO 
LO 
LO 



2.1 

2.0 

Slack 



LI 
L7 

0.2 

a2 
as 

L8 
L8 
L7 

LO 
0.8 
2.8 
2.0 

L7 



Slack 
Slack 

1.4 
Slack 

L5 

0.8 
L6 
2.6 
L7 
L8 
L3 

0.4 
LO 

L3 

Slack. 
L4 

0.7 

0.7 
L5 
2.8 
L5 
L5 
2.7 

LO 
0.2 

0.3 

L2 
L3 

Slack 
Slack. 
0.8 
0.7 



12,900 

11,400 

8,800 

6,800 

4,100 

10,400 

8,900 

8,700 

11,800 

17,000 



60 
1,200 



15,000 
600 

6,000 

50 

1,600 



14,000 
14,000 

7.000 

5,000 

250 

6,000 

6,000 



2,000 

■"600 

14,000 

14,000 

160 

7,300 

9.600 

12,000 

9,000 
6,000 

6,000 



5,200 

6,000 

8,600 
9,600 

100 

4,000 

10,000 

550 

1,000 
4.000 

7,500 

9,000 
7,500 



11,500 
24,000 



6.5 
6l5 
&6 

a5 

7.0 

7.5 

7.6 
ILO 
18.0 

8.5 



18.0 

16.0 

2.6 



4.5 
2.5 

4.0 

28.0 

4.0 

5.5 
5.0 
2.0 

&0 

9.0 

ILO 

&0 

2.0 



6l0 
4.0 
8.0 



8.0 

LO 
8.0 
4.5 
3.0 
2.5 
2.5 

8.0 
4.5 

4.0 
4.0 
7.5 

3.0 

4.5 
2.5 
2.0 
LO 
3.0 
3.0 

LO 
2.0 

2.0 

L5 
2.5 



3.5 
3.5 
L5 



.65 
.66 
.65 
^65 
.65 

.66 
.65 
.66 
.66 
.66 



a8 

.66 



.65 
.65 

.65 

a8 

.65 



.65 
.65 

.65 
.66 

0.8 
.65 



.65 



0.7 

0.7 
.66 

0.7 
.65 
.65 
.65 

.66 
.65 

.65 



.65 

.65 

.65 

.65 

.7 

.7 

.65 

.7 

.65 
.66 

.65 

.66 
.65 



.65 
.65 



Direction. 



100 

80 

74 

5 

90 



115 

101 

80 

66 



80 
80 



60 
90 

860 

20 

5 

60 
8t) 
20 

115 
825 
825 
341 

26 



71 



57 

46 

349 

300 

4 
286 

50 



76 
256 
109 



45 
45 



35 

28' 

30 

89 
25 



57 
346 



I 

t 
t 
t 
t 
t 
t 
t 
t 



% 
% 
% 

p.w 

t 
% 
% 

t 



f 

\ 

t 

X 
f 

t 
/ 

1 

i 
X 



f 
f 



f 
f 



109.000 
82.600 
4H,600 
31,800 
48.500 



—76,100 
—43.400 
—62.200 
-419.700 
—08,900 

— 8.000 

— 1.600 
—25,000 



48,300 
1.400 



7,800 

200 

2,000 



69.100 
80.9UO 



—27 300 
—231400 
— 5,100 
—39,000 



13,300 
85,000 



5,600 



1.600 

7,800 
40.900 

1.100 
24.200 
20.100 
25.400 



— 7,000 
—17.500 



20,200 
35,566' 



—8,200 



17.600 

23,200 

400 

4,200 
29,800 

8.100 



—600 
—1,000 



2,000 

10,500 
13.700 



20,900 
16,400 



466,809 



45.400 



48.709 



88,700 



121,709 



84,909 



209,809 
186,809 

241,909 
282,209 



810,1 
809,009 

880,109 

878,499 
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Saint Franeis Ftont, l8da.-^TabU ofwaUr escape of 1883, ^.—Continued. 



6 
8 
8 

8 
8 
8 



9 
9 
9 



Dftte. 


Xa 


1883. 




lar. 1 


79 


4 


80 


4 


81 


4 


• • w • 


4 


81a 


4 


82 


4 


88 


4 


84 


5 


^ 


5 


mt 


5 


87 


6 


88* 


6 


89 


5 


90 


6 


91 


5 


92 


5 


93 


7 


94 


7 


95 


7 


96 


7 


96a 


7 


97 


7 


98 


7 


99 


7 


100 


7 


101 


7 


102 


7 


102a 


7 


103 


8 


104 


8 


105 


8 


106 


8 


107 


8 


107a 


8 


108 


8 


109 


8 


110 



Locality. 



Ba joa at Mound City 

......do 

Above Mound City (over 

levee). 

Break in levee 

Below Moond City (over 

levee). 
Lower end Chioken laland 

Chute. 
Upper side of Hopefleld 

Point. 
do 



Hopefleld Point 



Upper portion President's 

Island Bend. 
Middle of President's Island 

Bend. 
Lower portion of President's 

Island Bend. 
1| miles above Beeve's 

Landing. 

Harris' Landing 

Scanlan's Landing 

Cow Island Bend 

Vicinity of Graves Bayou . . 



Harokelrode's 

Horseshoe Lake Bayou. 
Below Bayou 



4 miles levee 

Excelsior Post-office 



Council Bend . 

do 

do 



1 mile above Johnson's 
Landing. 

Johnson's Landing , 

Peters 

Upper side Ashley Point. . . 



2.7 
0.9 



LO 



2.6 

L2 

L7 

0.7 

2.9 

0.6 

LO 

Slack. 

Slack 
Slack. 
0.6 
0.8 

L8 
2.0 
L6 



Walnut Bend. 

do 

do 

..... do 

do 



.do 



111 

112 

112a 

1126 

113 

114 



115 
116 
117 



Harding's Point, crossing 
point fh>m upper side. 

Upper portion Saint Francis 
Bend. 

Chate of Saint Francis Isl- 
and. 

Saint Francis Bend 

1| miles above mouth Saint 

Francis. 
' Prom the discharge section 
of the Saint Francis 
Biver, located 2^ miles 
above its mouth to the 
mouth, observations 
taken over the left bank 
of the Saint Francis 
River. 

Net escape from New Mad- 
rid exclusive of the 
amount of overflow water 
returned by the Saint 
Francis Biver. 



0.3 

LO 
0.8 
0.5 

Slack 

L8 



L7 

LI 
1.3 
0.5 
0.8 
LO 
LO 

Slack 
0.6 

LO 

LI 

0.3 

0.5 
L2 
L2 



LO 
0.9 
L4 



W 



150 

100 

7,500 

200 

2,500 

3,500 
12,000 
5,000 
3,800 
800 
1.200 
8,500 



4,200 
7,400 

300 

200 

8,000 



7,000 

9,800 
8.800 
8,200 



5,000 

16,000 

5.000 
5,500 
6,000 
4,500 
300 
2,500 



6,500 



9,000 

250 

8.000 
4.000 
8,600 



5,000 
2,000 
2,000 



S 



22.0 
6.0 



5.6 



LO 
5.5 
3.0 
3.0 
4.5 
4.0 
LO 



L5 
2.0 

2.0 

10.0 

2.0 



2.5 

7.0 
4.0 
5.0 



&0 

"i'o" 

7.0 
7.5 

a5 

7.0 
0.0 
5.0 

5.5 

5.0 

6.5 

7.5 

20.0 

7.0 
8.5 
8.0 



5.5 
6.0 
6.0 



.8 
.8 



.7 



.7 

.65 

.65 

.65 

.7 

.65 

.7 



.65 
.65 

.7 
.8 
.65 



Direction. 



o 

251 
250 



290 



330 
355 

175 



328 
315 



.65 

.65 
.65 
.65 



.65 

".'65 

.65 

.65 

.65 

.65 

.7 

.65 



.5 



.65 

.8 

.65 
.65 
.65 



.65 
.65 
.65 



150 
192 



321 
317 



Q 



t 
t 
t 

t 
t 

f 

f 

i 

f 
t 
t 
f 



130 



/ 
/ 

t 
t 
X 

f 
f 

t 
t 
t 



—7,100 

—400 

—7,500 

—800 
—2.500 



6,400 
51,500 



—16,600 



4,500 



—2,700 
—1,900 



2,500 



2.500 
7.700 



—500 

—8,200 

-15.600 



40,000 
3.400 



/ 

/ 

i 
t 
t 
t 
t 
t 



Ad 

t 

t 

t 

t 
t 
t 



f 
t 
t 



600 
-18.3t»0 
—13, 300 



25,300 
18,000 
70,700 



—25,000 
—34,900 
—12.700 
-16, 400 
—1,900 
—8,100 



or 



355,100 

413,009 
396,400 
400,000 

306,300 



8,800 



—48,300 

—1,200 

—18.200 
—26.500 
—53.700 



17,900 

—7,000 

-10,900 



409,000 

389,700 
438,100 

856,900 



470,900 



371,900 



880,700 



232,800 

250,700 
232,800 

288,000 
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, Partial 

eross-sec- 

liou areas, 

square 

feet. 


Measnrsd 

Telocity, 

feet per 

second. 


Partial 
discharge, 
cubic feet 

■econiL 


11,660 

16,360 

13.420 

7,880 


1L6 . 

10.0 
8.7 
&8 


134,090 

153.600 

110,754 

61,254 


47,829 




465,698 





Coefficient to reduce measured velocity to mean velocity, .8 ; tme discharge, 465,698 X .8>=878,00O 
enbic fet^t per second ; cross-section area, 47,8^ square feet ; width, 835 feet ; mean dt'pth, 57.3 feet; 
mean velocity, 7.8 feet per second. Stage (maximum of 1883) 1 foot below high water, lbe2. 

The diflcharge section was Ittcated at the Smiley Plantation about 2| miles above the month of the 
Saint Francis Kiver. The right bank was out of water and the left bank was covered two (2) feet 
deep. The base line was located on the left bauk and was 300 feet long, measured by stadia. Two 
parallel range lines were located by the prismatic compass. The angle of the discharge section and 
base line was 8U° W. 

Four rod-floals with 10 feet immersion were mn ; the time was taken with an ordinary watch. The 
positions of soundings and their distances were measured by stadia. ^ 

TAZOO FBOMT. 

There were two breaks in the Horn Lake levee which were of the same dimensions 
as those that occnrred daring the flood of 1882. Thene had been roughly repaired 
by the inhabitants after the sabsidence of the flood of last year, bat the new work 
was washed away by the hi^h water of this year. The output was small, and capa- 
ble of being cared for by the local drains, until the river ovemowed the bank between 
Harklerode's and Star Landing, when it was backed up and overflowed a considerable 
portion of the De Soto Front. These breaks were not visited, and the estimate of 
their discharge was made from information received. 

A portion: of the unleveed bauk between Norfolk and Star Landings was barely 
covered, with no appreciable current in the overflow. This fact will account fbr the 
discrepancy in the widths of '* outlet for overflowed banks'' that exists in the tabu- 
lated results of the floods of 1882 and 1883. 

The following facts were obtained concerning the action of the river at Norfolk 
Landing during the high wat>er of February and March, 1883. From February 28 to 
March 2 the river was stationary ; March 2 and 3 there was a slight fall ; from 9 a. m. 
March 3, to 9 a. m. March 5, there was a rise of seven (7) inches ; March 5 to 7 there 
was a continuation of the rise ; the exact amount was not measured ; March 7 to 9 
there was a rise of two Inches, the flood reaching its maximum on March 9. This 
data, taken in connection With the gauge-readiugs at Memphis, Mhoon's, and Helena, 
shows the effect ot the retnm flow m)m the Saint Francis bottoms. 

From a short distance below Star Landing to I'i miles belo\\ Commerce, the levee 
was intact, and for the greater part of this stretch almost entirely exposed on both 
sides. 

The levees were followed fit>m Commerce to Hnlberton, or Hnghes, with the fol- 
lowing results: From 2^ miles below Commerce to 1 mile below Mhoon's Landing 
there were 49 outlets through which the water was escaping from the river; from! 
mile below Mhoon's to McKinney Bayou (inclnsive) there were 11 inlets throngh 
which the water was returning to the river; from McKinney Bayou to Glendale there 
were 45 outlets and 1 inlet, and from Glendale to 2 miles above Huiberton there were 
29 outlets. 

From Huiberton to 2 miles above Sunflower Landing the levees were intact, but a 
portion of this tract was submerged by water that escaped above. 

The overflow water in the gap of 2 miles just above SuuHower Landing was sounded 
and found to have no appreciable current. There were reported two crevasses in the 
levee which joins the line of the second Mississippi levee district with the Totten 
Bidge. These were not visited, as the water escaping through them had already been 
gauged. 

From Sunflower Landing to the end of the second levee district there were only 
two localities where the levee had given way ; i. e., at Gilchrist's, a short distance 
below Australia, there was one crevasse, and at Eileslie, opposite Lake Providence, 
there were three crevasses. These were visited and ganged. 

The Yazoo River was gauged at a section a few hundred yards below the debouchure 
ef Steele Bayou. 
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RESULTS. 

The detailed estimates for the discharge of all outlets will be found in the tabnla- 
tioD, which gives: 

1. The approximate location of the outlet. 

2. The cnaracter of the outlet. 

3. The surface velocity of the water. 

4. The width of the outlet. 

5. Menu depth of outlet. 
■6. Coefficient of reduction. 

7. Date of observation. 

8. Stage of water at the date of observation, referred to the maximum of 1883. 

9. Stage of water at the date of observation, referred to the maximum of 1882. 

10. Direction of flow. 

11. Discharge and partial summation of discharges, in cubic feet per second. 

12. Net discharge, in cubic feet per second. 

OENBRAL SUMMATION. 

Cubio feet per second. 

Eacape between Horn Lake and Star Landing 13,000 

Escape Commerce to Mhoon's 137,000 

Escape to Mhoon's -.-. 150,000 

Return flow, Mhoon's to McEinney Bayou , 4i9,000 

Net escape to McKinney Bayou 102,000 

Escape between McKinney Bayou and Short Stop 38,000 

Escape between Short Stop audOlendale 151,000 

Net escape at Glendale 291,000 

Escape Glendale to Friar's Point 158,000 

Escape Friar's Point to Hoghes ^ ($4,000 

III! 

Net escape at Hughes 513,000 

Escape at Gilchrist's 26,000 

Net escape at Gilchrist's 539,000 

Escape atEIleslie 7,000 

Net escape into the Yazoo Bottoms 546,000 

Widths of outlet8,—The table of summation of the width of overflow is made for 
comparison with a similar table in Mr. J. B. Johnson's report on the Yazoo Front for 
the flood of 1882. 

The iucrease in the width of the overflow taking place over the levee is due to the 
fact that the examination of this year was made at a stage as near the maximum as 
was practicable, while the observation stage of the flo<Kl of 1882 was about 1 foot 
below the maximum, and there was a consequent omission of considerable portions 
that were submerged at the higher stage. 

The smaller distance given by the summation of the widths of crevasses is due to 
the closure of the breaks, and the permanence of the line in the second levee district. 

Table of widths of overflow, Tazoo ^ont, 1883. 



LocaHty. 



Horn Lake to Mhoon's 

HbnoD's to MoKinney Bayoa. 
HcKinney Bayoa to Glendale 

Glendale to Friar's Point 

Friar's Point to Haghea 

Sunflower Landiog 

Gilchrist and Ellealie 



Total 

Total in miles 



Movement 
of overflow. 



Escape 

Betumflow 

Escape 

Bucape — 
Escape .... 
Stationary . 
Escape 



Kind of ootlet. 



Over 
bank. 



FeeL 

9,700 



800 



10,500 



21.4)00 



Over 
levee. 



Feet 

3,500 
13,800 
11,500 



1,700 



30,500 



5.8 



Through 
crevasses. 



Feet 
8,700 
1.400 
0,200 
8.500 
3,600 



800 



27,200 



Al 



Total sub- 
mergence. 



Feet. 



21,000 

15.200 

21.500 

3.500 

5,H00 

10,500 

800 



78,700 



Hiles. 



4.1 

2.» 
4.0 

a? 

1.0 
2.0 

aa 



14.0 



14.9 
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Discharge of the Yazoo River, March 16, 1883 — 2 p. m. 



Locality. 



Left bank.. 

Do... 

Do... 
Biffbt bank. 

Total 



a 



1. 

2. 
8. 



■0 



15,640 
18.890 
12,920 



47,260 



1-1 

PR 



L62 
1.54 
L09 



ft 

IS. 

S*S o 



L40 
1.42 
1.00 




21,900 
26,500 
12,900 



61,800 



Effective width of cross-section, 778 feet; area of cross-section, 47,250 square feet; mean depth, 61.1 
feet; mean velocity, 1.8 feet per section; coefficient to reduce observed velocity to mean, .92; dis- 
charge, 61,800 cubic feet per second. 

The discharge section was located 15 miles, approximately, above the month of the Yasoo Hiver and 
just below the Junction of Steele Bayou. 

Hie base line was located on the left bank at E. Corwent's Plantation ; the right bank was snb> 
merged 6 feet, and the left bank was exposed 6| feet. 

The stage of the Yazoo was reported to be 8 feet, approximately, below the high water of 1882. 

The velocity was measured by meuis of rod-floats Immersed 16 feet, timed by an ordinary watoh ;. 
locations were made with a transit ; distances were measured with stadia. 

TENSAS FROXT. 

The Mississippi River front, of the Tensas Bottom extends from Cypress Creek to^ 
Red River. 

The examination of the flood was made only as far as Delta, La., for reasons before 
mentioned. 

As the instrnctions stated explicitly that the work was to commence at Cypress 
Creek, no effort was made to obtain an estimate of the amount of water on the bot- 
toms between the hills and the mouth of Cypress Creek, a distance of 5 miles in an 
air line. Such an estimate ma^ be of importance, for although it is only in excep- 
tional cases that the Mississippi River contributes, still there is a considerable inflow 
over, this portion of the fi'ont tributary to the Tensas bottoms, and, were it pro- 
tected against overflow, all of the water that now escapes would become tributary to 
the Mississippi. 

BESULTS. 

The overflow water in the Tensas Bottom for the portion examined was reported to 
be relatively higher than in 1882. 

At Arkansas City the high water of 1883 was .7 foot lower than the high water 
of 1882, while the height of the water in the rear of the levee was .5 foot lower than 
in 1882. At Goodrich's the bigh water of IfiHSl was 2.5 feet higher than the high water 
of 1883, while the depth of the overflow on the plantation was, in 1882, only 1.5 feet 
greater than in 1883. 

The estimates for the discharge of all outlets will be found in the tabulation, which 
gives the same details as are mentioned in the section on the Yazoo Front. 

GENERAL SUMMATION. - 

Cubic feet per second* 

Flow into the river from Wilbum's to 3,000 

Escape, to 2 miles below Chicot 44,000 

Net escape, to 2 miles below Chicot 41,000 

Return flow, from 2 miles below Chicot to the Gordon Place 48, OOO 

Net flow into the river at Gordon's 7,000 

Escape, Gordon's to Llewellyn's 84, OOO 

Net escape at Llewellyn's 77,000 

Return flow, Llewellyn's to Linwood 6,000 

Net escape at Linwood 71,000 

Escape at Luna 31,000 

Escapeat Whiskey Chute 3,000 

Escape at Ashton 24,000 

Escape at Goodrich's .^ 59,000 

Net escape at Goodrich's 188,000 
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* 5.— YaZOOj TENSASj and A¥C^]^>AtAYA BASINS, FLOOD OF 1884. 

(By jJohn^Sweas; .United States Assistant Engineer.) 



• •. 



•.•' 



Unitbd States Steamer Patrol, 
. - ' ' Avi^wit 9, 1884. 

^ Si^ : ll*];ia)^& t^e honor to submit herewith my report of the investigation of the flood 
>.esofi^ }fltO the Yazoo and Tensas Basins daring high water of 1^4 ; also, discharge 
x&easilrements made on the Mississippi Biver at varions points, on the Saint Francis 
ahd Yazoo Bivers, and in Bayou La Fourche, together with tables showing maximum 
stages of the river at various points, and also miscellaneous crevasse measurements 
made from Memphis to New Orleans. All done in accordance with your instructions 
of February 28, 1884. 

Very respectfully, your obedient servant, 

JOHN EWEN8, 
JJniteA States Assistant Engineer, 
First Lieut. Smith S. Leach, 

Corps of Engineers f U, 8, Army, 

Secretary Mississippi Biver Commission. 



BEPOBT. 



I received instructions by express at Memphis, Tenn., on the evening of February 
27, 1884. Preparations were immediately made, and party left the morning of the 
28th, at 10 o'clock. An earlier start would have been made were it not for the freez- 
ing cold and stormy condition of the weather. My instructions were to determine the 
water escape into the Yazoo Basin from Horn Lake to Helena, and to pay no attention 
to the Saint Francis side. I was to visit all crevasses, new or old, in the Yazoo Front 
as far as Cypress Creek ; to ascertain the amount of water going through the levee 
from Amos Bidge down to the Mississippi below Sunflower, on the Yazoo side. Be- 
ported crevasses only were to be visited. The flow into Tensas from Cypress Creek 
to Ashton was to be determined ; below Ash ton, on the Tensas side, reported crevasses 
only were to be visited in addition to the above. The discharge of the Mississippi was 
to be measured at Hays' Landing, Mississippi. The discharge of the Saint Francis 
and the Yazoo Bivers was also to be taken. On arriving at Vicksburg, afrer coniplet- 
ing the work noted above, instructions were received u'om you by telegraph to con- 
tinue the crevasse discharge measurements and flood work down to New Orleans, 
which was done. 

Party, — The work was accomplished by my regular engineering party, which is 
composed solely of the regular crew of the United States steamer Patrol. The steamer 
was used in every case wnere practicable, but, on account of the levees being situated 
back from the river front, skins had to be employed nearly exclusively. 

In general, where skiffs can be used on river work they are far superior to any other 
conveyance for rapid work, which, in turn, means economy not only of time but fuel 
as well. 

Method, — ^As has been stated above, the general location of the levees made it nec- 
essary to do the work with skiffs the great part of the distance traversed. As the out- 
lets were principally through the levees, I found it necessary to follow them inces- 
santly in order to secure complete measurements of the flood-escape through them. 
In many cases I found the levee over 6 miles back from the river bank. This was the 
case particularly in bends where, for economy in building, they were run across the 
necks or peninsulas at these points. The plan of working was as follows : The work 
of each day was so arranged that the steamer could be sent ahead to some landing 
that the field party in all probability would make the same night ; this arrangement 
reduced the fuel expense about half, and retarded the wear of the machinery to a con- 
siderable extent. The work on each outlet consisted of a preliminary examination, 
which included the nature of the outlet, its cause, its present and probable future 
effect. The discharge in number of cubic feet of water passing through the break was 
then determined. The details of this work were as follows : 

1. The section width of the outlet was determined. In cases where the section 
width was quite great, the measurements were made with a stadia rod. In cases 
where the section width was, sa^, between 50 and 12.5 feet, the measurements were 
made with the sounding line, which was a very quick yet accurate way o^ securing it. 

2. A transverse section across the outlet was next sounded. These soundings were 
taken with a three-eighths inch cotton line graduated to feet, and having a 15-pound 
lead attached. In taking the soundings the boat was kept on a line between the ends 
of the levee, or points limiting the cross-section. Where the current was too swift to 
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liold up against it the soundings were taken by running up above the section and then 
drifting back over the section. A sufficient number of soundings were taken to give 
a quite well defined contour of the bed of the outlet. 

3. The surface velocity was then taken at as many points of the section as possible. 
As it was impossible to employ floats, a device known as ship's log was used in taking 
the velocity observations. This device is made of wood, and consists of a quarter seg- 
ment of a circle having a diameter of about 12 inches, and a surface thickness of 1 inch. 
The curved edge of this segment is covered with a thin sheet of lead sufficient to give it 
■a vertical position when in the water. This log is attached to a fine seagrass line by three 
fine wires. Two of the wires are detachable. This connection at the apex is made per- 
manent, so as to draw in the log when the observation is completed. The two detacha - 
ble strings that connect the log with the reel line terminate in two corks, which fit into 
two holes in the extremitiesof the curved and weighted part of the log. When the ob- 
«ervation is complete, a slight twitch of the line pulls out these corks; the log by this 
means is easily drawn in, as it is in this condition nothing more than a small piece of 
thin board floating on the water surface. The grass line to which the log is attached 
is rolled in on an ordinary fishing reel, that has a small brake or clutch attachment 
for arresting the progress of the line at any desired point. The line is graduated into 
feet ; every tenth foot is marked by pieces of line of color different from that of the 
line, and from each other. A stop-watch measuring one-fifth of a second was used 
in taking the time. The point of section where the velocity was to be determined 
having been selected, the skiff was held, either by anchoring or by holding upon the 
oars; the lo^ was then launched and allowed a preliminary run of several feet, until 
it adjusted itself to the natural flow of the water; when time was called, the stop- 
watch was started, and the foot-mark or fractional division of the line that left the 
reel at same instant noted. When the line had nearly reached its limit on the 
reel, time was called again, the reel brake applied, and the watch stopped. These two 
quantities being determined, the surface velocity was deduced from them. In taking 
these observations care was taken to avoid the influence of eddies and boils, and a 
reach of the surface over which the velocity was visibly uniform was always sought 
after and used where possible. In addition to the above, the following points which 
are salient in crevasse investigation were determined: 

1. Was the flow through a regular break or oVer the levee f 

2. Was the flow free, or was it retarded by obstructions before reaching the section ; 
were these obstructions in the bed of the section ; was the bed of the section a natu- 
ral one, or was it covered with a growth of young trees or underbrush ? 

3. Was the direction of the flow normal to, or at an angle with, section line ? 

4. Were there eddies or boils on a section line between center lines of the two ends 
of the levee, or limiting ends of the crevasse section ? The presence or absence of 
these would indicate whether there were deep holes excavated below the bed proper 
•of the section. 

The necessity of strict attention to all these details must be obvious to any one 
familiar with crevasse work, and who knows how uncertain the most refined field 
measurements may be from a hydraulic standpoint when formulated. The section of 
a certain stratum for velocity as described above may, to persons inexperienced in 
work of this character, seem unnecessary. Now, the uniform stratum of water re- 
ferred to, and over which the velocity should be taken, is generally a middle section, 
whose length is about one-third the distance from the mouth of the outlet, out to 
where the crevasse influence is exerted on the river or body of water from which the 
water flows. I mean, that if this distance was 300 feet, the stratum would be 100 
feet in length, and its commencement would be 100 feet from the mouth of the cre- 
vasse. In the Davis crevasse the influence of the draught of this break was mani- 
fest about 300 feet out into the river; the distance out at which the influence is felt 
varies with level of the land behind the crevasse, and the width of the crevasse itself. 
The lower the latter the greater will be the distance at which the draw affects the 
body of water which feeds the break. 

Before closing the discussion on the velocity, it will be well here to say a word re- 
garding the velocities at the upper and lowerside of a crevasse section. In most in- 
stances this was found to be greater on the upstream end of the crevasse than on the 
lower side. A skiff could always be more easily cordelled or rowed up near the lower 
•edge of the break, than on the upper side, which fact, to a certain extent, practically 
proves the assertion. I attribute this to the fact, that the water that flanks the river 
bank in the upper side of the crevasse has the effect of the draw of a much larger 
mass of moving water than the volume that flanks the lower side, i. e., the mass of 
moving water that enters the break has a greater moving force. The result of this 
is the acceleration of the mass of water on the upper side. On the lower side the 
water that enters the break is affected by the volume that endeavors to continue down 
the main river ; the resultant of these two forces causes the retardation referred to 
■above, and in consequence of which we find a diminution of velocity at the lowerend 
•of the break. All the points hinted at above were carefully looked after in the work 
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of which this report treats ; and although work of this character will always have a 
tlnse of unreliability about it, yet when the details are zealously attended to in the 
field, and carefully followed in every particular, the supposed non-tan^^ible qualitiea 
will become more tangible. 

Calculation. — In calculating the discharge, the usual conyentional method used in 
computing the discharge through a regular river section admitted of considerable 
modification. This was necessary, as the conditions are (practically) in every parti- 
cular different. The ratio between the maximum surface velocity and the true mean 
velocity has as yet been but arbitrarily determined. Water, in passing through a 
crevasse, admits of every degree of change of velocity imaginable, and approximates 
to that of the velocity when flowing through a natural bed, only as the bed of the 
crevasse approximates to a natural bottom. Where deep holes are excavated in the 
heart of the break, the eddies and boils these holes geneiate upwards have, without 
doubt, a retarding effect on the velocity. We know from hydraulic experiments made 
at Lowell and other points, that water, when discharged through pipes of varying 
section, loses a large percentage of its velocity. The flow of water through a cre- 
vasse of constantly varying section can be reasonably compared to a semi-section of 
such a pipe, and the retardation can reasonably be assumed to be one-half also, i. e., 
in that ratio. From this I have concluded that the coefficient used in the computa- 
tion of work of this character in the past has been too small. I think a coefflcienfe 
of 0.86 will, from the knowledge attainable at present on the subject, be approxi- 
mately correct, or at least reasonably so. 

In using the coefficient no distinction wa« made for cases where the discharge waa 
over the bank, i. e., if the section was taken near the edge, as in such cases the con- 
ditions would be analogous to the one discussed above ; as the stratum of water be- 
neath the bank surface in impiuginjg against the banks produces retarding elements in 
the shape of vertical eddies and boils, just the same as when the flow is through a 
regular crevasse ; this was visibly the case at all points of this character I exam- 
ined. 

The cross section, like the velocity, is, in the case of a crevasse, a very uncertain, 
if not altogether a variable quantity. In my work I endeavored to eliminate errors 
in sectional area, by taking sections thafc would approximate to a regular river sec- 
tion as closely as possible. In crevasses where deep holes were scoured out between 
the ends of the levee, and below the normal bed surface, I generally took a section 
immediately above or below the limiting ends of the outlet. In a majority of casea 
the levees are situated a number of miles back from the river, and run through dense 
woods. In these cases the sectional area is diminished to a very appreciable extent 
by obstructions of brush, young trees, &c. The co-efficient to be used in reducing" 
the observed to the efiective area must be a very variable quantity, and one that 
must be determined wholly by actual observation at the time the soundings are takeik 
and section width determinea. 

The coefficient used in the computation of areas for this work varied from 10 to 60 
per cent. A very close estimate was arrived at by simply noting the diameter of the 
brush and other obstructing material, and its density as a whole. 

Tabulation. — In the tabulation found on the succeeding pages the arrangeraenta 
were made so as to make them simple for immediate comparison. The tables con- 
tain — 

1. Place or vicinity of break. 

2. Date of examination. 

3. Date on which outlet was opened. 

4. Nature of outlet. 

5. Direction of escape. 

6. Stage of water with reference to its maximum. 

7. Width of outlet in feet. 

8. Area of outlet in square feet. 

9. Reduced meat} velocity in feet per second. 

10. Discharge in cubic feet per second. 

11. General remarks. 

The summation of results is arranged as follows : 

1. Name of swamp basin. 

2. Reach of outlet. 

3. Distance in miles. 

4. Total section width. 

5. Total section area. 

6. Total discharge. 

Following this is a table of high-water stage at the principal points on the Mis6ia- 
sippi River during the three last great floods. I give these, as they will be of great 
interest in connection with other data contained in this report. 

The last tabulation is one of discharges taken on the MissisHippi at various points* 
and on the Saint Francis and Yazoo rivers, and on Bayou La Fourche. 
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Summary of work and travel. 



Left— 


Date. 


Time. 


Arrived — 


Date. 


Time. 


Distance. 


Memphis, Tenn 

Yieksbnrg, Miss 


Feb. 28 
Mar. 19 


10 a.m. 
2.30 p.m. 


Vioksbnrg, Miss 

Davis Crevasse 


Mar. 18 
Mar. 27 


1.25 p.m. 
8 a.m. 


369. » 
353 



Crevasses examined. — On Yazoo Front, 116 ; on Tensas Front, 48. 

Discharges taken, — Mississippi River, at Hays' Landing, Miss.; Mississippi River, 
at Red River Landing, Louisiana ; Mississippi River, at Carrolltou, La ; Saint Francis- 
River, at Westbrook, Ark.; Yazoo River, near Chickasaw Bayoa; Bayou La Fonrcfae, 
near Thibodeaax, La. 

Description of the flood on the Tasoo Front, — The Yazoo Front proper is situated on the 
left bank of the Mississippi River, and extends from Memphis, Tenn., to Yicksburg, 
Hiss. The portion examined in particular was that included between Horn Lake and 
Glendale, Miss. The discharge over this front into the Yazoo swamp was principally 
through breaks in the levee. The first crevasse found was on Horn Lake. From the 
latter point to Star Landing the water was over the bank at various points, but there 
was no perceptible discharge into the swamp. About half a mile above Star Landing 
there were two depressions in the ground through which the river was discharging^ 
an inappreciable volume of water into the swamp. Below this landing I found an 
old slough bottom which heretofore has been shut off from the river by a levee, which,, 
though flooded, was currentless. From Star Landing to a point about one mile below 
Mhoon's, Miss., I found a series of nearly 70 regular outlets formed by breaks in the 
levee, and through which the river was discharging large volumes of water into the 
swamp. The width of these breaks varied from 5 to 3,000 feet ; the largest one was 
at Mhoon's Landing. The dense timber land that intervenes between the river and the 
level above Mhoon^ reduces greatly the discharge the river would make into the basin 
in this reach. The outlets on the reach just ^escribed were, in a majority of cases^ 
caused first by the water running over the levee at points of low grade, this continued 
washing finally causing a large crevasse. In general, the crevasses on this reach 
can be considered due wholly to the negligence of the parties whom the levees pro- 
tect, as the breaks could never have occurred by the simple pressure of the water 
against the levee. The points of low grade referred to above are places where the 
traffic across the levee has been concentrated. In many places great holes were caused 
by hauling logs across the levee. 

From the crevasse one mile below Mhoon's to a point 2^ miles above Austin, the, 
direction of the flow is reversed ; the water from the swamp was found to be return- 
ing to the river. The discharge, in a majority of cases, was by the water runniog^ 
over the top of the levee. About twelve regular breaks were found on this reach, the 
largest of which was McKinney Bayou, situated about two and one-half miles above 
the town of Austin. This bayou was leveed, but broke in 1882, Its width at date of 
examination was 321 feet ; the maximum depth of water found in it was 27 feet. Be- 
fore it broke, the levee had a culvert in it for carrying the swamp water back into the 
river. About 4 miles below Mhoon's, the levee described above connects with a high 
ridge of ground which attains its maximum elevation on the widow Saunders's place.. 
This ridge forms a levee for about 2 miles, when ( ihe ground becoming low) it connects 
again with the levee. From McKinney Bayou down, the direction of the flow changes 
again, the river discharging into the swamp. From Austin to O. K. Landing five 
outlets were found, the largest of which were the first one below the court-house at 
Austin, and the one at Denmark. From O. K. Landing down to the junction of 
Flower Lake and NeiPs Bayou, sixteen crevasses were round ; the largest of these 
outlets were found on the shore of Flower Lake. The largest one of the whole series- 
was at the lower end of the lake ; its width was 853 feet, its maximum depth 55.5 feet. 
The discharge through the breaks in Flower lake was very great, a fact I think due 
to the great reservoir pressure the lake exerts against the levee. From the lower 
end of Flower Lake to Trotter's, nine outlets were examined, the largest of which 
was the immense break at Trotter's, where the levee has caved into the river. Fromi 
Trotter's to Glendale, opposite Helena, the point which limits the special examinatioDi 
of the Yazoo Front, the crevasses found were located along Eagle Lake, the largest 
being at Ferguson's gin-house. The water was also running over the levee at 
many places. From Glendale to Friar's Point the crevasses, though smaller in num- 
ber, are very large and more destructive. The first crevasses met with after 
leaving Glendale, are the two on the Thompson place; then come the three Rozell 
breaks near Delta, and then the Fant break. From Friar's Point to Hulberton 
a series of seventeen outlets were visited, twelve of which were what is known as the 
Garth break, and five of which compose what is termed the McLeod break. The lat- 
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ter breaks are near the head of Island No. 63. From Halberton to Sunflower Land- 
ing the only outlet is what is termed the *' Lewis Swamp.*' The river boundary of 
this swamp begins at Hushpuckana Creek and extends up the river a distance of over 
-5 miles. No perceptible discharge could be detected in this front. The flow was out- 
ward from Hushpuckana Creek on date of examination, March 10. From Sunflower 
to Prentiss the Hughes break in Vermillion Lake was the only one found. This break 
occurred early on the morning of February 29 ; it was caused, it is said, by a craw- 
fish hole. The crevasse was 7H8 feet wide ; the water discharged through it passes 
down Clear Creek, and from thence into Bogue Phalia, the latter a very deep stream. 
From Prentiss to Vioksburg no crevasses were reported. There are, however, several 
small outlets from Chotard's to the mouth of the Yazoo, but nothing serious. From 
Hays' Landing to the mouth of the Yazoo River, what escape existe, flows from the 
Tiver into the Yazoo Basin. During the great flood of 1882, the flow over this por- 
tion of the Yazoo front was reversed, the swamp water returning to the river. 

Description of the flood on the right bank, from Helena to the mouth of Cypress Creek. — 
On the reach from Helena to Cypress Creek no discharge into the swamp was found. 
On the contrary, the swamp water was coming into the river at many points from 
Modoc, Arkansas, down to Cypress Creek ; the flow is greatest on the reach from 
Ludlow's down. This swamp discharge conies principally from the White River Ba- 
«in, which runs parallel to, and only a short distance from the Mississippi River along 
the reach referred to. It seemed to be more marked in the vicinity of Island No. 66) 
than at any other place. 

Flood on the Tensas Fronts general description, — The portion of this front that is 
bounded by the Mississippi River, is situated on the right bank, and begins properly 
at the point where Amos Ridge joins the great Opossum Fork levee, and extends down 
to the right bank of Shreve's Old River, just above Red River Landing. Amos Ridge 
is a high neck of land that borders the lower side of Amos Bayou. The point where 
it intersects the Opossum Fork levee, which point limits the overflow into Tensas Ba- 
sin, is situated about 6 miles from the Mississippi River, and is about 3 miles from 
the point where Cypress Creek, Red Fork Bayou, and Boggy Bayou all come together. 
Cypress Creek, after leaving the Mississippi River, runs in a direction nearly parallel 
to it for a distance of nearly 5 miles ; it then turns rather abruptly and runs nearly 
at right angles for a distance of about one-half mile, when it changes its course rather 
sharply again, and runs with and nearly parallel to Red Fork Bayou. The latter 
•empties into Cypress Creek at the first of the sharp turns referred to. At the point 
where Cypress Creek makes the second sharp turn and runs nearly parallel to Red 
Fork Bayou, Boggy Bayou begins, and runs south until it joins Amos Bayou. The 
flood water that ^eds the breaks along this levee comes principally from the Arkan- 
sas River. The stage of water in this district reached its maximum before the Mis- 
sissippi had attained its extreme height. The water, after passing through the 
breaks in the levee from Amos Ridge down to the Mississippi, flows over the Tensas 
«wamp lands. A large portion gets into the Tensas Basin direct through Bayou Ma- 
^on and other contiguous outlets, while a considerable volume reaches tne Mississippi 
-again via Boggy Bayou, near Island No. 80. From Arkansas City up to the Opossum 
Furk levee on Cypress Creek, the levee is nothing more than the old bed of the Little 
Rock, Mississippi River and Texas Railroad. 

From Amos Ridge to the mouth of Cypress Creek this escape is principally through 
the large breaks in the levee. From the mouth of Cypress Creek to Arkausas City 
the escape is principally over the top of the levee, there being but few breaks of any 
magnitude. From Amos Ridge to a point about one mile below Chicot City, the dis- 
•oharge was into the swamp. From the latter point to Boggy Bayou, just below Ar- 
kansas City, the direction of the flow was reversed by the swamp water returning to 
the Mississippi River. From Boggy Bayou to Sterling the direction of the escape 
again changes ; over this reach the river was discharging into the swamps. From 
Sterling to Ashton the change of flow occurs again, the swamp water returning to 
the river through about twelve large breaks in the levee, the largest of which is just 
below Gray's store. From Ashton to the mouth of Old River five outlet.s were found. 
These were at Hardscrabble, Bong^re to Uniou Point, Black Hawk to Point Breeze, 
Point Breeze to mouth of Old River. The escape through all these outlets was over 
the bank proper, the levees having caved into the river. The water discharged 
through the Hardscrabble break passes directly into Lake Saint Joseph, and from 
thence by numerous lakes and bayous into the Tensas Basin. The water discharged 
through the remaining breaks, down to a point about one mile above Point Breeze, 
passes into Red River basin. From the latter point to Red River Landing, the direc- 
tion of the discharge is changed. The swamp, or Red River water, over this reach 
was found emptying into the Mississippi. The discharge was outward from Old River 
•on date of examination (March 21, 1884). I was informed that the change of flow in 
Old River and across the peninsula referred to took place on March 12, 1884. Previ- 
ous to that date the Mississippi was discharging into the swamp over the reach re- 
ferred to, and through Old River also. 
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DESCRIPTION OF FLOOD ON RIGHT BANK FROM RED RIVER LANDING TO NEW OR- 
LEANS. 

The first crevasse below Red River Landing was the one on the Batchelor place; 
this break was a very small one and did little or no damage. The next was the Mor- 
gauza, discharging directly into Grand River, and from thence into the Atchatalaya 
«wamp. It floods a portion of Point Coupee, Iberville, West Baton Rouge, and Saint 
liandry Parishes. This break occurre^^. on the evening of March 14. The first intimation 
the levee watchers had of the break was the sudden appearance of a stream of water 
«pouting up trom one of the borrow pits on the inside and about seventy feet from 
the base of the levee. This stream of water kept growing larger until it reached the 
base of the levee, when all at once the levee proper at this point gave way. The 
break occurred at a point where it was least expected, and at what was supposed to 
be the safest part of the levee. The levee, before the break occurred, was a picture 
of strength ; it was perfectly dry and stood from five to six feet above the wat^r sur- 
face. The cause assigned for the crevasse was a deep bed of quicksand that existed 
below the muck ditch, and which connected with the bed of the river. This crevasse 
raised the flood surface ill Bayou Plaquemine materially. The next crevasse met 
with was at Waterloo, seven miles below Bayou Sara, and occurred on the evening 
•of March 23. The main levee at this point is some distance back from the river, but 
there is a protection levee on the river front. The latter gave way and precipitated 
a volume of water against the levee proper suflicient to break it. The levee on the 
river front served as a dike commanding the upper month of False River, was built 
in 1H50, was 25 feet high, and had a very broad base. The breaks were due to an im- 
perfectly constructed rice flume in the levee. This break is very apt to cause breaks 
in the protection levee at GrosseT6te, and thus overflow that valuable country. The 
water discliarged through this crevasse takes the same course as the water discharged 
through the Scott levee took in 1882 ; it will affect the river front and all the places 
on the Chenille. The succeeding outlet was found on the Belle Air sugar plantation, 
5 miles above Baton Rouge. This crevasse occurred on the morning of March 18. 
The cause of this break was attributed to a crawfish hole in the levee. All the fine 
«ugar places in the immediate vicinity were under water from this break. This cre- 
vasse affects about the name parishes that Morganza does. 

The next crevasses examined were those on the Guidry place, nearly opposite Con- 
vent, La. These breaks happened on the night of March 25, and were caused by the 
bursting of a rice flume built in the levee. The last crevasse on this bank of the 
river was the great Davis crevasse, situated at the railroad station of same name, in 
the Parish of Saint Charles, and about 21 miles from New Orleans. It occurred on 
March 15, and was caused by the levee giving away at a point where an old rice 
flume had been removed a few months previous to the high water. When the flume 
was taken out, the place left was filled in with fresh dirt, and not protected. The 
residents in the vicinity attribute the break to a muskrat hole. These animals were 
very numerous in the vicinity, and it is a well-known fact that they seek haunts 
formed of earth that has been displaced and transported from one place to another. 
The water discharged through this crevasse passes directly into numerous lakes and 
small bayous, and from thence into the Gulf. This crevasse floods completely the par- 
ishes of Saint Charles and Jefferson. It floods also the Vacherie settlement in Saint 
James Parish, and it backs the water up to a dangerous height in the rear of Algiers. 
It also backs up the crevasse water that comes through breaks on the La Fourche, 
and thus raises the flood height of water inside of the levee on the La Fourche. 

Levees. — ^The location and course of the levee system along the river has been so 
fully described in previous reports of surveys, &c., that a description of them in this 
regard is unnecessary here. But a brief description of their condition at prominent 
points, with a few facts regarding their failure at many places during the high water 
of this year, will, I think, be of interest if not of importance here. With the excep- 
tion of a few points where the levee was close to the bank and had caved off, I found 
the most disastrous crevasses were situated at considerable distances back from the 
river, and had dense woods intervening between them and the Mississippi, which pro- 
tect them from the wash of the waves and materially from water pressure against 
their fronts. . They had also a dense growth of Bermuda sod on them, in front and 
back of them. It will be seen from this that where the most crevasses were there 
was a larger number of safety factors. If levees failed with these natural protective 
adjuncts, it would be useless to build them. The cause of the breaks can be attrib- 
uted simply to the abandonment and neglect of the levees by those whom they protect. 

Beginning at Commerce, we find a levee protected nearly to Mhoon's by a dense 
woods on the river front. The breaks in this levee were all artifical ones, i. e., they 
occurred at points where the levee had been worn by hauling logs, &c., across it, and 
by depredations of stock. As the river rose, incipient breaks, that a shovelful of dirt 
applied at the proper time would have obliterated, developed with the rise of the 
water into formidable crevasses. 
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From Mhoon*8 to Austin We find a similar state of affairs ; the levee, from a pro- 
tective view, is similarly situated to the one jast described, but was a much finer one. 
The escape was principally over the top. The ground over which the levee runs is 
very hi^h; at one point there is a stretch on a ridge of nearly 2 miles, where the 
ground itself is nearly above high- water mark. On the reach Just mentioned, which 
18 about 6 miles long, 2 feet of earth thrown up loosely would have protected the 
country from overflow the greater part of the way. 

From Austin down to Flower Lake, the levee is a beautiful one; at flood stage it is 
nearly 3 feet above the water tUe greater part of the way, and has a dense thicket 
intervening between it and the river. The breaks were very small, and could have 
been easily repaired. From Flower Lake to Glendale, with the exception of the break 
at Trotter's, where the levee has caved into the river, the levee was in quite good 
condition, the breaks were not serious, and the place where the water was running 
over the top was not very deep. Along Flower Lake the levee was an unusually fine 
one, and was about 4 feet above the high-water mark. It will be seen from this that 
the crevasses from Horn Lake to Helena, which is the principal part of the Yazoo 
front, were not due to the pressure or ravages of flood water, but solely to simple 
neglect in caring for the levees during the low-water season. I speak particularly of 
this reach, as it is so often brought up to confront arguments in favor of levees, and 
to persons who are not familiar with the ground itseU^ and who know not the facts 
as they are. 

The large number of breaks in this reach would furnish material for a very formi- 
dable argument against the utility and possible efiiciency of levees in keeping out the 
waters of great floods. On the Tensas Front, from the mouth of Cypress Creek down, 
we find a quite similar state of affairs. Taking the reach from the creek to Arkansas 
City, we find a levee which is nothing more than an old railroad bed, over which the 
river is pouring, but a shallow depth of water, which a few feet of dirt on top would 
easily keep out. From Arkansas City to Gaines Landing, we find the levee is situ- 
ated back in the timber, and is as well protected from the river as the levees previ- 
ously referred to, yet we find breaks numerous, and from causes similar to those just 
mentioned. The efiect floods have on levees protected by intervening woods having 
been discussed, a few words regarding levees situated on the immediate river front, 
and subject to all the forces the winds and water can generate is necessary to com- 
plete the discussion. The breaks between the mouth of Red River and New Orleans 
lor this offered the best field of comparison, as they are nearly all on the river front. 

On this reach we have a levee front of nearly 198.2 miles on both banks, which 
represent an aggregate of 396.4 miles. Ou this stretch we have six breaks that will not 
Agg^^gftte in length 3 miles. Three of these breaks were due wholly to defective rice 
flumes in the levees, two to the depredations of crawfish, and one, the Morganza, which 
wafl the only one that was not directly on the river, was said to have been caused by 
the action of a bed of quicksand beneath the base of the levee. 

From this it will be seen that not one of the breaks on this vast stretch of river was 
caused by the action of the flood water direct, and all, with but one exception, were 
due simply to neglect before the flood, and lack of vigilance after the flood had ar- 
rived. People who have lived for years right at the Davis crevasse, which was the 
most disastrous one of the late flood, informed me that for several flood seasons, when 
the old rice flume was in the levee, they feared a break, but by watching it vigilantly 
they prevented it. Before the past flood arrived, the family who had been instrumen- 
tal in preventing this crevasse during previous floods moved ; the result was, the levee 
was not properly strengthened or guarded, and a disastrous crevasse wasthe fruitof this 
neglect. As a more conclusive proof that breaks or crevasses at flood stages of the river 
are due to lack of watchfulness and care, rather than to the ravages of the river itself, 
I could refer to the river front on the left bank from Bat^ou Rouge down to New Or- 
leans. This side of the river has been noted for its crevasses, aiiiong which was 
the great Bonnet Carr^ crevasse. The levees on this reaeh were looked after exclu- 
sively during the late high water by the Mississippi Valley Railroad Company, and 
although at times the situation at many points, especially at Bonnet Carr^ and the 
Angelina levee, looked critical, yet not a single crevasse occurred, simply because the 
levees were well protected and vigilantly watched. The experieaceof the past year 
has demonstrated, I think, very conclusively that rice flumes are the ^reat crevasse 
makers, and that they should be abolished. That they are employed m such an ad- 
vanced age as this is a mystery, as a siphon would be more efficient and perfectly 
safe. These facts, which are actual, show, I think, to an approximate extent at 
least, that levees can be built that will sustain the greatest flood the Mississippi has 
carried thus far. I think, in the past, too much weight has been given to the efiect 
the pressure of water has against the sides of a levee, and the delusion produced by 
witnessing a break has done much to strengthen this belief. This pressure, I think, 
with the exception of the cases of concave bends, furnishes no material for argument 
whatever. In bends the levees are generally run across the necks, so this obstacle is 
to a certain extent removed, From the brief description just given of actual facta 
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observed daring the three greatest floods the Mississippi Valley has ever experienced, 
I feel partially competent to give a few crade points regarding what should be done 
to make the levee system a continued success. First, as to the type of levee. The 
old levecb, built along in 1858 and IH59, furnish the best example, and should be pat- 
terned after where new levees are built, or old ones repaired in the future. In build- 
ing the levee, borrow pits and ditches should be confined to the land side of the levee ; 
where they are in f^ont they furnish holes for crawfish, and where there is any cur- 
rent along the side of the levee they give rise to eddies and boils, which scour out 
freat holes on the levee front, and these propagate a break. Where new levees are 
uilt, or when old ones are repaired, this work ^onld be done immediately after the 
river falls, so as to give the new embankment time to settle before the flood water 
reaches it. 

Where practicable, the growing of young trees, or hedge brash, should be encoaraged 
on the front and near the base of the levee. After a levee is bnilt^-its care should 
be the next and aU-imi»ortant subject, as on it depends its usefulness and complete 
success. In the first place, traffic of all kinds should be prohibited, and the stock 
law rigidly enforced, especially in levee districts. At flood time the levee should be 
constantly watched, especially at points where danger is apprehended. 

The flood season is usually at a time when plantation hands are not engaged ; and 
they are so numerous compared with the miles of levees to be guarded that it would 
be easy to have the leveesunder complete surveillance continually during a flood. A 
levee never breaks spontaneoasly ; it is always known several hours beforehand 
where danger is imminent by such signs as sipage water, the settling of the crown, &c.; 
and, by having sacks, lumber, and other defensive material properly distributed, an 
incipient break could be prevented from developing into a formidable crevasse in 
nine cases out of ten. From the calculations it will be seen that the net river dis- 
charge into the Yasoo and Tensas basins is considerably greater than the discharge 
of the Mississippi at Bed River Landing. I take this point because it has no tribu- 
tary influence below, and has no natural outlet until it reaches the Gulf, except the 
La Fourche, whose discharge is so small that it has little or no weight. The escape 
from the river into the swamps between the mouth of Red River and CarroUton is 
more than half the actual flood discharge of the river at the latter point. These figures 
may at first seem startling, but when all the facts relative to them are considered 
wonderment will cease. 

fiefore concluding, I can but say that I think a complete, efficient, and permanent 
levee system that will withstand the effects of the greatest flood the valley has ever 
been subjected to thus far is possible in every particular if the levees are properly 
built and protected, and properly guarded during the seasons of great floods. The 
latter factor is the principal one, and if carefully looked after wiU give the valley 
dry and fertile fields, and freedom from the distress and disaster whicui characterizes 
and always follows great floods. 

Respectfully submitted. 

JOHN EWEN8, 
United States Aesietant Engineer. 

First Lieut. Smith S. Lbaca, 

Corps of Engineers, U, 8, Army^ 

Secretary Mistissippi Biter Ckmmiseian* 

August 9, 1884. 
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Flood eseape into the swamp hasina during high water of 1884. 



Basin. 



Locality. 



Xazoo . 
Do 



g 



Horn Lake to Helena, outflow — 
Horn Lake to Helena, return flow 



' MiUt, 
62.1 



Do Horn Lake to Helena, net escape 

Do Helena to Vicksburg, outflow* ! 292. 8 



§ 

o 
H 



Feet. 
42, 100 
8,797 



10, 349 



Total escape into Yazoo Basin 



Tensas 
Do. 

Do. 

Do 

Do. 



Do. 



Cypress Creek to Asb ton, outflow 94.5 

Cypress Creek to Ashtun, return flow , 



55, 413 
14, 190 



Cypress Creek to Asb ton, net escape 

Asbton to Bed Biver Lauding, outflow . . . 
Asbton to Bed Biver Landing, return flow 



244.8 



-a 



I 



Sq. feet ' 

154,030 I 

30,999 I 



86,195 



156,715 : 
15, 110 : 



Asbton to Bed Biver Landing, net escape 

Total escape into Tensas Basin — 

Atchafalaya ... Bed Biver Luiding to New Orleans, outflow*. 



51, 520 
32, 603 



230, 458 
95, 251 



O <d ID 

H 



340,231 
76,341 

263, 890 
334,184 

598, 074 

412,843 
27,894 

384. 949 
248, 290 
140, 313 

107,977 

492, 926 



198.2 I 3,533 i 56,098 426,447 



* No return flow. 

Table giving maximum gauge heights and dates on which the Ht'er obtained flood stage at 
various points on the Mississippi River in 1882, 1883, and 1884. 



Place. 



Date. I ^W® 
I beigbt. 



Saint Louis, Mo 

Busb Tower, Mo 

Grand Eddy. Mo 

Oray's Point, Mo 

Cairo. HI 

Columbus, Ky 

New Madrid, Mo 

Cottonwood Point, Mo 

Fulton, Tenn 

M«^mpbi8, Teun 

Mboon'8,Miss 

Helena, Ark 

Saint Louis Landins, Ark 
Mouth of Wbite Biver . .. 

Arkansas City, Ark 

Oreenville, Miss 

Lake Providence, La 

Vicksburg, Miss 

Saint Josepb, La 

Natchez, Miss 

Bed Biver Landing, La . . . 

PortHickey, La 

Baton Bouge, La '. 

Plaqueniine, La 

College Point, La 

Carrolltcn, La 



1882. 
July 5 
July 5 
July 6 



Feb. 20 

Feb. 20 

Feb. 27 

Feb. 28 



Mar. 
Mar. 
Mar. 
Mar. 
Mar. 

Feb. 28 

Feb. 28 

Feb. 27 

Mar. 20 

Mar. 20 

Mar. 20 

Mar. 28 

Mar. 27 

Mar. 28 

Mar. 21 

Mar. 21 

Mar. 22 

Mar. 21 



Feet. 
32. 20 
37.60 
39.10 



51.87 
102. 79 
41. 615 
37.50 
36.69 
35.15 
39.80 
47.20 



Date. 



1883. 
June 26 



Gauge 
beigbt. 



June 27 



48.40 

47.00 

41.68 

38.32 

48.75 

44.90 

47.75 

48.50 ! 

47.90 I 

35. 95 I 

31.30 

23.07 

14.95 



Feb. 27 

Feb. 27 j 

Feb. 28 

Feb. 28 

Feb. 28 

Mar. 6 

Mar. 8 

Mar. 9 , 

Mar. 10) 

Mar. 10 ! 

Mar. 10 

Mar. 12! 

Mar. 12 ! 

Apr. 7 

Apr. 7 

Apr. 7 i 

Apr. 9 1 

Mar. 15 i 

Apr. 9 

Apr. 9 

Apr. 9 

Apr. 7 



Feet. 
34.80 



4L92 



52.17 
103. 046 
42. 020 
37.85 
36.29 
34.75 
40.20 
46.90 
41.75 
48.00 
46.32 
40.40 
36.47 
43.80 
41.90 

44. UO 

45. 20 
47.47 
35.08 
30.73 
23.40 
15.40 



Date. 



Gauge 
] height. 



1884. 



April 11 
Apr. 10-11 I 
April 11 I 
Feb. 22-24 , 
Feb. 23-24 | 
Feb. 24 1 
Feb. 24-26 i 
Feb. 25-29 , 
March 1 | 
March 5-6 i 
March 6 , 
March 6-7 
March 7-8 
March 7-9 
March 8 
Mar. 23-24 
March 25 
March 24 
Mar. 24-26 , 
Mar. 29-31 
March 29 I 
March 24 
March 30 ' 
March 24 ! 
March 18 I 



Feel. 



34.70 
36.35 
28.17 
51.79 
103.80 
41.50 
37.45 
35.68 
84.15 
38.90 
47.00 
4a 20 
47.90 
46.50 
41.10 
38.40 
49.00 
44.89 
47.46 
47.30 
47.42 
36.20 
3L60 
24.05 
15.60 
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Table of diaoharges taken by Patrol party during the flood of 1884. 



RiYer. 



Saint Franois . . . 

Hisaissippi 

Tasoo 

Hissiasippi 

Bayoa LaFourohe 
Misaissippi 



Locality. 



Date. 



Westbrook, Ark 

Hays' Landing, Miss . . 
Near Chiok. Bayou — 
Ked River Landing, La 

Near Thibodeaax, La. . 
Carrollton, La 



1884. 
Mar. 4 
Mar. 16 
Mar. 18 
Mar. 21 

Apr. 14 
Apr. 15 



38.80 
37.72 
46.50 
46.05 

22.20 
14.15 



a 



a ' 

«s 

C3 



Place. 



Mboon's 

Hays' 

Vicksbnrg 

Red River Land 

ing. 
Coilege Point . . 
Carrollton 



NOTB.— Column headed " Place" refers to column headed " Gauge." 



Appendix B. 



n 






135,651 
1, 066, 758 

161,322 
1, 291, 625 

11,533 
892,362 




26,254 
171,253 

42,253 
228,280 

3,753 
197,317 



si 



5,1«Z 
6,22» 
3,818 
5.658 

3,070 
4,5tt 



PRECISE LEVELS— REPORTS AND RESULTS. 

1. — Final reduction and results of precise levels from Fulton to Chicago, III, 

Office Mississippi River Commission, 

Saint Louis, Afo.f October 9, 1883. 

Sir : I liave the honor to snhmit the following report on the redaction of the notes of 
the precise leveling from Fulton, 111., to Chicago. 

The office computation has been made by Assistants Ferguson, Fitzhugh. Thomas, and 
Kastl. The methods of reduction employed are the same as those used in the red no- 
tion of the notes of the precise leveling from Carrollton, La., to Biloxi, Miss. 

The following are the values of instrumental constants used : 
Correction for inequality of pivots in millimeters, per meter : 
Level No. 1 p = from — .015 to -f- '005. 
Level No. 3 p = from — .006. 
Level No. 5 p = from — .010. 

Assistant J. B. Johnson used level tube No. 5 and level instrument No. 3 throughout 
the season, with the exception of having used the telescope barrel (not the reticule)- 
of level iustrunient No. 5 from June 7 to end of season. 
Value of one division of tube No. 3, v = 2''. 44. 
Value of one division of tube No. 5, v=:2".54. 

The mean value of 1 meter of the four rods used, Nos. 14, 15, 16, and 17, is 1.000029^ 
meters, which value results from comparisons made August, Iti82, with 1 meter bar, 
rods at a mean temperature of 73° F. 

Assistant J. B. Johnson also made a determination of the lengths of the above rods- 
in December, 1882, by comparison with the 15- foot bar of the Lake Survey Office. The 
rods were at a temperature of 54<^ F., and the mean value then found was 0.999950- 
meters, which differs from the comparisons used by 0.000079 meters. Part of this 
discrepancy, I think, is to be accounted for by the difference in temperature (19° F.) 
of the rods themselves. I believe there was no correction made for coefficient of expan- 
sion of the wood. Using the same as for white pine given by Trautwine, .0000022, the^ 
correction for temperature will be 0.000042 meters. Applying this the discrepancy 
between the August and December determinations is only O.0GO037 meters. I bo» 
Ueve there were also no observations taken for humidity of the atmosphere, which 
influences the change in length of wood more than change in temperature. The Au- 
^st observations were taken in jbasement, the Decemben observations were taken 
in commissioner's room, on second floor. The maximum rod correction used was 3.1 
millimeters. 

The following were the distances from the foot of the rods to the 100 millimeter 
mark of graduation : 

Millimeters* 

Rod 14 44.4 

Rod 15 44.9 

Rod 16 44.1 

Rod 17 . 44.3 
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May 8, 1883, the rods were jijroiind off to a uniform length of 44.2 millimeters. Up 
to May 8 corrections were made in this computation for the difference of length of 
rods whenever a stretch was not closed with the same rod as it was started with. 
After this date no correction was necessary. 

The tahnlatioii of the results of the final reduction is given on pages 24 to 40, in- 
clusive. All elevations are referred to Cairo datum and start with the elevation of 
U. S. P. B. M. 53, near Albany, 111. As 188.0009 meters (see Annual Report for 1883, 
page 128), on account of U. S. P. B. M 5.5, of the Keokuk and Fulton line, having been 
disturbed or al least meddled with, the field tabulation was started with elevation of 
U. S. P. B. M. 56, next beyond (183.6809 meters), but the Keokuk to Fulton line was 
duplicated from U. S. P. B. M. 53 to U. 8. P. B. M. 50. The former line of levels over this 
fjtretch was more concordant than the latter. At IT. S. P. B. M. 56, a distance of 5.9 
kilometers, the lines diverged by 6.2 millimeters, our elevation of U. S. P. B. M. 56, as 
run from U. S. P. B. M. 53, in 1&83, being 6.2 millimeters lower; however, as U. S. P. B. 
M. 53 was considered more permanent than U. S. P. B. M. 56, it was thought best in the 
office reduction to continue the Keokuk-Fulton elevations from U. 8. P. B. M. 53. This 
was done. However, it is questionable if the mean of the two lines from U. S. P. B. M. 
53 to U. 8. P. B. M. 56 would not be better. 

In connecting Chicago benches with city directrix the levels were carried from 
shore to the zero of our temporary gauge on outside of crib by comparing the read- 
ings of this gauge successively with the readings of three temporary gauges on shore 
widely separate. These were combined with equal weight with a determination 
made by the city engineer in December, 1878, using Hook gauges, reading by Vernier 
to 0.001 foot. These were carried through the tunnel, all pumping (and therefore all 
current) having ceased. The elevations are carried from the zero of the outer gauge 
to city directrix, a point 8.01 feet below the zero of the ijiner crib gauge, by spirit- 
levels. 

The work for the season is as follows : 

Kilometers. 

Distance of main line duplicated 261. 36 

Side 13.43 



274. 79 

{All side line duplicated except 1.71 kilometers, which was only run one way.) 
Length of repeated duplicate work : 

Kilometers. 

3 lines 2.19 

4 lines 28.28 

6 lines 2.01 

6 lines 0.73 

8 lines 2.15 



35.36 

Total length of Single line, 628.49 kilometers. 

The probable error of the whole line of levels from Fulton to Chicago on the ter- 
minal benches at Chicago is 13.6 millimeters. This is computed by considering all 
<liscrepancies as accidental, the square root of the sum of the squares then remaining 
uncompensated. There are, however, constant errors or accumulating errors, which is 
the algebraio sum of the personal errors of the members of the party concerned in 
carrying the levels. This constant error changes very materially on account of the 
following conditions: (1)^ Owing to the nature of the ground; (2) owing to the na- 
ture of the weather ; and (3) owing to the changing habits of the members concerned. 
It is therefore next to impossible to obtain an^ approximate measure of it. We are 
quite safe to assume that it remains approximately constant for any and. perhaps 
every one of our various stretches. And since the functions from which we compute 
the probable error of final result (R. = 13.6 millimeters) are the discrepancies (regard- 
less of sign) of the two lines run by the same observer in opposite directions, we are 
safe to assume that 13.6 millimeters is considerably too large. This has only a theo- 
retical interest, since in taking the mean of the two lines run in this way, for the 
difference of elevations, the constant is eliminated. But assuming again all errors to 
he accidental, we may compute the probable error per kilometer. 

X = probable error per kilometer. 
R =:probale error of final result. 
D =■ distance in kilometers. 

R« = X8D. D = 261.36. X= ^. -^ = }^-fl 

-y/D -y/j) = l0.17. 

Therefore probable error per kilometer = 13.6 

' 16.17 
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In columns headed ^'Supports'' in tabulation the letters F and P denote foot-plates 
and pins, respectively, used as rod supports. 

In the columns headed ** Observer '^ the observers are represented by letters, as fol- 
lows : **J** represents J. B. Johnson; **F" represents O. W. Ferguson. 

Benches marked with a star (*) are not in the main line. All quantities in the tab- 
ulation have been checked either by comparison with the field computation or by 
computation duplicated by two computers. 

Very respectfully, your obedient servant, 

O. W. FERGUSON, 
U. S, Assistant Enginem-, 
First Lieut. Smith S. Leach, 

Secretary Mississippi River Commission, 



Besults of precise levelingf Fulton to Chicago, lU,^ 
[fienoh-marks nuurked with an asterisk are not in main line of levels.] 



T.B.M.2 



T.B.M.4and4a.. 



T.B.M.6 




IT. S. P. B. M. 65 



Xr.&P.B.M.56 



T. B. M. 6 and 6a... 



T. B. H. and 9 a. . 



•F. 8. P. B. M. 67 
Fnlton, m. 



t Bejeoted. 
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Besulta cf precise levelingy Fulton to ChieagOf /22.-— Continaed. 



Bench. 


Diatance. 


Direction. 


6 

ll 

s 
S 


V 


r 


R 


Elevation. 


• 


Corrected eleva- 
tion. 

1 


1 

P. 
P. 

P. 

P. 
P. 
P. 

P. 

P. 
P. 

P. 

P. 

P. 
P 


1 

o 


*ZeroofL. &H.Co., 
-WAter ffanjl^e at 
Polton. IIL, 10 
ftet above low 
water of 1877. 

*B. M. 85, Capt Mao- 
kensie, Polton. 

*IjOW water 1877 .... 


Km, 


Mr .... 
E 

Mean. 

E 


—5.9720 
—5.9728 


Jifm. 
—0.4 
+0.4 


Mm, 
0.3 


Mm. 


jr. 

182.2152 


Mm, 
-.0.2 


if. 

182.2150 


p. 

F. 






—0.1 

-0.3 
—0.1 
—0.1 
—0.1 

—0.1 


184.7790 

179.11)69 
185. 2884 
184.6916 
184.9075 

185.1614 

184. 9201 

183.7508 




-5.9724 




-3. 4085 

—9.0204 
—2.8991 
-3.4959 
—3.2800 

—3. 0261 

—3.2674 

—1. 5622 
-1.5632 




1B4. 7791 

179.1682 
185.2885 


F. 








F, 


*Hish water 1828 












F. 


*fiieh water 1859 












184.6917 
184.9076 

185. 1615 


F. 


♦High waterof April 
24. 1870. 

♦Hiffn water Cf Jnne 
20,1880. 

*High water of Octo- 
ber, 1881. 

F.8.P.B.M.58.Pnl- 
t<Mi Jnnctioii. 












F. 












F. 












184.9202 —0.1 
183.7504 —0.1 


F. 


10.52 
12.06 
1442 
14.50 
15.88 
1&(KL 
17.99 
18.82 
21.02 
21.67 

23.86 


N 

8 

Mean. 

N 

S 

Mean. 

N 

8 

Mean. 

N 

8 

Mean. 

N 

8 

Mean. 

N 

8.... 

Mean. 

N 

8 

Mean. 

N 

8 

Mean. 

N 

8 

Mean. 

N 

8 

Mean. 

E 

Mean 

N 

8 

Mean. 


—0.5 
+0.5 

0.0 
0.0 

+0.2 
—0.2 

0.0 
0.0 


0.3 


2.2 


¥: 




0.0 




j 
18&1655 








-1.5627 




T.B.M.12andl2a.. 


+1. 4151 
+1. 4151 


P. 

P. 




0.1 




1 

185.6696 i 

1 










+1. 4151 






T.B.M.14 


+0.5039 
+0.5043 




P. 
P. 

P. 

P. 

P. 
P. 


J. 
J. 




0.0 


2.2 






186.8275 






+0.5041 




T7.S.P.B.M.59 


+0. 1580 
+0.1580 


185. 8276 —0. 1 


J- 






0.0 


0.0 




1 

1 

i 








+0.1580 




T.B.M.15andl5a.. 


+2.3443 


188. 1719 




J. 




4-2.3443 A.0 






J. 






+0.3 
—0.4 

+1.2 
—1.2 

—0.8 
+0.8 

-1.8 

+1.8 

—0.1 
+0.1 

-0.4 
+0.6 

—0.3 
+0.4 


0.2 




189.5008 










+2.3443 




T. B. M. 16 and 16a . . 


+1.3281 
+1.3288 


P. J. 










P. ' S: 




0.8 




1 
1 

194.1200 




p. 
p. 

p. 
p. 

p. 
p. 






+1.8284 




T.B.M.17andl7a.. 


+4. 6185 
+4. 6209 


P. 
P. 




0.5 




1 








+4. 6197 








T.B.Ml8andl8a.. 


—1. 8191 
—1.8207 


192.3001 ' 


?• 




1.2 




i 








-1. 8199 




T.B.M.20and20a.. 


—2. 1712 
—2. 1748 


190. 1271 




.T 




0.1 




190.4354 










—2. 1730 


p. 
p. 

p. 
p. 

p. 

p. 




T.B.M.21and21a.. 


+0. 8084 
+0. 3082 


' 


P. 




1 


P. 




0.8 


2.7 


190.8696 








+0. 3083 








*U. 8. P. B. M. 60, 
Thomson. Dl. 


+0. 4246 
+0.4237 


+0.1 i 190.8597 


P- 
P. 








190. 5574 








+0. 4242 








T.B.M.2tand23a.. 


+0. 1223 
+0. 1216 


0.2 


P. 
P. 




1 

1 










+0. 1220 
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Beaults of precise levelingj Fulton to Chicago^ 


/W.— Continued. 






Bench. 


Distance. 


Direction. 


Difference of ele- 
vation. 


V 


r 


B 


Elevation. 


Bod correction. 


Corrected eleva- 
tion. 


• 

1 
1 

F. 
F. 
F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 


u 


T.B.M.24 

• 


Km. 
26.04 

25.84 
26.60 
28.02 
28.95 
31.32 
38.16 
34.88 
36.71 

36.83 


N 

S 

N 

S 

Mean. 

N 

S 

Mean. 

N 

s 

Mean. 

N 

8 

Mean. 

N 

s..... 

Mean. 

N 

S 

Mean 

N 

S 

Mean. 

N" 

S 

Mean. 

N 

S.... 

Mean. 

E 

W... 

Mean. 

N 

8 

Mean. 

N 

8 

Mean. 

N 

N 

Mean. 

E 

W... 

Mean. 

N 

N 

Mean. 


—0.1848 
—0.1907 
—0.1808 
—0.1872 


Mm. 
—1.1 
+4.8 
—6.1 
+1.8 

—0.9 
-fl.O 

-1.2 
+1.8 

+0.6 
-0.6 

—2.0 
4-1.9 

+3.5 
—3.6 

4-0.4 
-0.3 

+2.6 
—2.6 

+0.5 
—0.5 

-0.2 
+0.2 

—2.4 
+2.3 

+1,3 
—1.3 

—0.1 
+0.1 

0.0 
0.0 

+0.6 
—0.5 


Mm. 

1.4 


Mm. 


M. 
190. 3716 


Mm. 

• • • • ^ • 


M. 


J. 
J. 














.1. 














J. 




0.6 




100. 8511 










—0. 1859 




T.B.M.25and26a.. 


—0. 0195 
—0. 0214 


J. 

»T, 




0.8 




190.8583 










—0. 0204 




X. KM. 26 and 26 a.. 


+0.5084 
+0. 6069 


J, 
J. 




0.4 




190.7080 




«••••••••■ 






+0. 5072 




T.B.M.27and27o.. 


—0. 1509 
—0.1497 


F. 
F. 




1.3 




101. 9216 










—0. 1503 




T.B.M.28and28a.. 


+1. 2156 
+1.2117 


J. 
»T. 




2.4 




191.0840 








• 


+1.2136 




T. B.M.30and30a.. 


+0. 0689 
+0.0660 


F. 
F. 




0.2 




186. 1114 










+0.0624 




T.B.M.32and32a.. 


—5.8730 
—5. 8723 


J. 
,T. 




1.7 




185.1206 










—6.8726 




T.B.M.84and84a.. 


—0.9938 
—0.9888 


F. 
F, 




0.3 




165. 2744 










—0.9908 




T.B.M. 35 


+0. 1533 
+0.1543 


F. 








F, 




0.1 


4.6 


185. 0036 


—0.1 


185. 0035 






+0. 1538 




*U.S.P.B.M.61.... 


—0. 2706 
—0. 2710 


F. 
F. 








186. 5366 










—0. 2708 




T.B.M.37 


+ 1.2646 
+ 1.2699 


L6 


J. 

.1. 




1 


186. 4069 










+ 1.2622 




*T. B, M. 38 and 38a. . 


—0. 1310 
—0.1284 


0.9 


"••"•■ 


F. 










F. 




0.1 


4.0 


186. 6779 


—0.1 


186.6778 






—0.1297 




*U. S. P. B. M. 62, at 
Bavannft. Til. 


+0.1711 
+0. 1709 


F. 
J. 




0.0 


4.9 


18a 8587 


0.0 


188.8687 






+0. 1710 




*U. S. P. B. M. 68, at 
Ij^vanna. Til. 


+2.4468 
+2. 4468 


F. 
F 




0.3 


4.0 


186. 6789 


—0.1 


186. 6788 




* 


+2.4468 




•B.M.84 of Captain 
MAckenxie . R a • 


+0. 1715 
+0. 1725 


F. 
J. 


Tanna, TIL 














HO. 1720 
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M€9ult8 of preehe Iwelingj Fulton to Chioagoj /H.— Continaed, 



Bench. 



*High water of June 
26. 1880, SaYanoa, 
lU. 



*Higb water of Octo- 
ber 26, 1881, Sa- 
vaima,IlL 



T.B.M.39and39a. 



T. B. IC. 40 and 40 a. 



XT. a P. B. M. 64, 
Plom Biver. 



T. B. M. 41 and 41 a. 



T.B.M.4S 



*U.aP.B.M.65. 



T.B.M. 43and48a.. 



T.B.M.44 



T. B. IC. 45 



T.B.M.46and46 a. 



T.B.M.47and47a. 



T.B.M.48aiid48a. 



T.B.]i.49and49a. 



I 



Km. 



37.89 



39.21 



40.90 



42.42 



43.87 



45.19 



46.60 



47.79 



48.96 



50.39 



61.22 



52.20 



a 



Q 


P 


N 

N 


i M. 
+0.2948 
+0.2857 


Mean. 


+0.2902 


N 

N 


-0.0162 
+0. 0032 


Mean. 


-0. 0065 


N 

S 


—0. 1102 
—0.1008 


Mean. 


-0. 1100 


B 

W .... 


+0. 2248 
+0. 2272 


Mean . 


+0.2260 



B. 
W 



Mean. 



B. 
W 



Mean 



B. 
W 



Mean 



W 



Mean 



B. 
W 



Mean 



E 

E 

W... 

Mean 

E .. 
W ... 

Mean 

E.... 
W... 

Mean, 



(6 



to g 

"I 



s 



+0. 4294 
+0.4345 



+0.4320 



+-13. 6982 
+13. 7008 



+13. 6992 



+10. 1222 
+10. 1265 



+10. 1244 



+0. 5942 
+0.5938 



+0.5938 



+7. 0019 
+7. 0072 



+7. 0046 



+7.4844 
+7.4749 
+7.4800 
+ 7.4816 



+7.4802 



+12.7588 
+12.7584 



+12. 7586 



E. 
W 



Mean 



E 

W 

Mean. 



E. 
W 



Mean 



+8.4980 
+&4949 



Min. 
—4.6 

+4.5 



+9.7 
—9.7 



+0.2 
—0.2 



+ 1.2 
-1.2 



+2.6 
—2.5 



+1.0 
—1.1 



+2.2 
—2.1 



—0.4 
+0.6 



+2.7 
—2.6 



-4.2 
+5.3 
+0.2 
-1.3 



—0.2 
+0.2 



—1.6 

+1.5 



+&4964 



+0. 5278 
+0.6296 



+0.5287 



—8.4139 
—3.4167 



—3.4153 



+8.4158 
+3.4138 



—1.4 

+1.4 



—1.0 
+1.0 



+3. 4148 



Mm. 

3.0 



6.6 



0.1 



0.8 



1.7 



0.7 



1.4 



0.3 



1.8 



1.3 



Jlfm. 



0.1 



1.0 



fO. 9 I 
—0.9 



0.6 



0.9 



0.7 



a 

I 
I 



M. 

186.6971 



186.4004 



5.2 



6.4 



186.4266 



186. 6626 



187.0846 



200. 7888 



210.9082 



211. 6020 



217. 9128 



225.3930 



288. 1516 



246.6480 



8 



-0.1 



—0.1 



0.0 



+0.7 



247. 1767 



243. 7614 



247. 1702 



6 

I 



f 



o 



If. 
186.6970 



186.4003 



187.0846 



211.5027 



% 



& 



F. 
F. 



F. 
F. 



F. 
F. 



F. 
F. 



F. 
F. 



F. 
F. 



F. 
F. 



F. 

F. 



F. 
F. 



F. 
F. 
F. 
F. 



F. 
F. 



F. 
F. 



F. 
F. 



F. 
F. 



F. 
F. 



F. 
J. 



F, 
J. 



J. 
J. 



F. 
F. 



F. 
F. 



J. 
J. 



J. 
J. 



F. 

F. 



J. 
J. 



F. 
F. 
F. 
P. 



P. 
F. 



F. 
P. 



J. 
J. 



J. 
J. 



F. 
P. 
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Benefa. 


i 

1 


Direction. 


1 

Difference of ele-, 
vatlon. 


V 
Mm. 

+0.4 


r 


B 
Am. 


Elevation. 


1 


Corrected eleva- 
tion. 


1 

P.. 
P. 

P. 


i 

o 


T. B. M. 60 • 


63.84 


Km. 

B 

W.... 

Mean. 

E 

E 

W.... 

Mean. 

E 

W.... 

Mean. 

E 

W.... 

Mean. 

E 

W.... 

Mean. 

E 

W.... 

Mean. 

E .... 
W.... 

Mean. 

E 

VV . .. . 

Mean. 

E.... 
W.... 

Mean. 

E 

W.... 

Mean. 

E 

W.... 

Mean. 

E 

W.... 

Mean. 

E 

W.... 

E 

»v .... 

Mean. 

E 

W.... 

Mean. 


Jf. 

+7. 1070 


Mm. 
0.3 


If. 

aM.2836 


Mm. 


If. 


T. 




+7.1079 — ft-K 






P. 










&1 


265.1109 
356.8766 


+1.9 


25&1128 






+7. 1074 




*F. S. P. B. M. 66 


+0. 8273 


J. 


Mount CarrolL 
T. B. M. 51 and 51 a 


55,47 
56.36 
57.38 
59.77 

61.02 
62.21 
62.96 
63.39 
66.12 

67.00 
67.60 


...... 

J.1 1 


a7 




+2. 5919 


P. J. 


+2.5940 10 




••••.. 




P. J. 






+0.8 


0.5 




••..•..... 








+2.5930 


364.7531 




P. 
P. 

P. 
P. 

P. 
P. 

P. 
P. 

F. 
P. 

P. 
P. 

P. 
P. 

P. 
P. 

P. 
P. 

• • • • 




T B M 52 and 52 a 


—2. 1243 


J. 




2.1227 ' fl « 






J. 








0.2 




1 








—2. 1235 




T. B. M 58and53a. 


+3.4413 
+3.4406 


—0.3 
+0.4 


258.1941 




P. 
P. 




1.2 




.......... 

346.9197 










+3. 4410 




T. B. M. 55 


—11. 2762 
—11. 2727 


+1.8 
-1.7 

—0.2 
+0.2 


P. 
P. 




1 


346.5105 


+1.7 


246.5122 






—11. 2744 


0.1 



6.3 




•U. S. P. B. M. 67... 


—0.4090 
—0.4094 


J. 
P. 






344. 9127 










—0.4092 


—1.3 
+1.3 

-1.3 

+1.3 

0.0 
0.0 

+0.4 
—0.4 

—0.6 
+0.5 

+0.2 
—0.2 

+2.2 
-2.9 
—0.4 
+1.3 

—0.3 
+0.3 








T. B. M. 56 


—2. 0057 
—2. 0083 


0.9 


J. 
J. 






366.1507 




4 






—2. 0070 




T. B. M. 67 and 57 a. 


+11.2393 
+11.2367 


0.9 




J. 
J. 




0.0 




263.6329 










+11. 2380 




X. B. M. 58.......... 


+7.4822 

+7.4822 


J. 
J. 




0.3 




267. 0188 








, 


+7.4822 




T. B. M. 59 and 59 a . 


+8.3855 
+3.3863 


J. 






••••"■ •••• 


J. 




0.4 




274. 6648 




• ••.••.••• 






+3.3859 




T. B. M.61and61a. 


+7. 6466 
+7. 6455 


P. 
P. 




0.1 


6.4 


275. 2816 


+2.5 


275.2841 






+7.6460 




*ir. S. P.B. M. 68, at 
Lanark, HI. 


+0. 6166 
+0. 6170 


P. 
P. 


0.8 





269.6102 






P. 
P. 
P. 
P. 

P. 
P. 






+0. 6168 




T.B.M.62 


-5. 0568 , 
—5.0517 
—5. 0542 
—5. 0559 


P. 




P. 














P. 












P. 




0.2 


1 
1 
■ 

1 
265.5347 










—5.0546 




T.B.M.63and63 a.. 


—4. 0752 
-4. 0758 


/ 

P. 
P. 






1 










—4.0755 


1 ! 

1 
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Besults of precise leveling, Fulton to Chicago, III, — Continued. 



Bench. 



T.BbM.64aiidfi4a.. 



U. S. P. B. M. 69, Lan- 
aork Jnnctioii. 



X. B. 2ft 66. 



T. B. M. 67 and 67 a 



T.B.H.68. 



T. B. M. 69 and 69 a 



T.B.M.71and71a.. 



T.KU.72 



•Xr.S.P.B.M.70 



T.B.lL78and78a.. 



o 






T. B. M. 74. 



T.B.H.75and75a.. 



Km. 
«».09 



70.79 



71.70 



72.71 



78.57 



74.49 



76.91 



77.36 



77.81 



78.74 



79.72 



B... 

W 

E.... 
W... 

Hean 

E... 
W... 

Mean. 



E. 
W 

E. 
W 



Mean 



E. 

W 



Mean. 



E. 
W 



Mean 

E.... 
W ... 
E.... 
W,.. 

Mean 



E.... 
W ... 

Mean. 



W... 
Mean. 



W... 

Mean 

E.... 
W... 
E.... 
W ... 



Mean 



E. 
W 



Mean 

E.... 
W ... 
E.... 
W... 
E.... 
W... 
E.... 
W... 

Mean. 



6 

•3 






M. 

—6.7111 
—6.7137 
—6.7088 
—6. 7109 



—6.7111 



4-3 3617 
+3. 3559 



-H 3. 3588 



0.0 
+2.6 
-2.3 
-0.2 



-2.9 
+2.9 



+2.2897 +4.4 



+2. 2979 
+2. 2950 
+2.2937 



+2. 2941 



+2. 6819 
+2.6846 



+2.6832 



+2.7432 
+2. 7430 



+2. 7431 



+3. 0886 
+3.0928 
+3. 0917 
+3.0908 



+3. 0910 



+18. 8505 
+ia8466 



+1& 8486 



+2.3042 
+2. 3047 



—3.8 
— 9 
+0.4 



+1.3 
— L4 



—0.1 
+0.1 



+2.4 
—1.8 
—0.7 
+0.2 



--1.9 
+2.0 



+0.2 
—0.3 



+2.3044 



+0.6898 
+0.6895 



+0.6896 



+4. 4521 
+4.4480 
+4.4510 
+4. 4498 



+4. 4502 



t 



•i% 2901 
2.2863 



4-2. 2882 



—3. 1615 
—3.1520 
—3. 1611 
—3. 1534 
—3.1585 
—3.1598 
—3.1560 
—3.1564 

—3. 1573 



—0.2 

+0.1 



—1.9 
+2.2 
—0.8 
+0.4 



—1.9 
+1.9 



+4.2 
—6.3 
+3.8 
—3.9 
+1.2 
+2.5 
—1.8 
—0.9 



Mm. 

0.7 



1.9 



1.1 



B 



Mm. 



0.9 



0.1 



0.6 



1.3 



0.2 



0.1 



0.6 



1.3 



0.8 



6.8 



7.1 





I 



M. 

2S&8»6 



262.1824 



984.4765 



267.1597 



269.9028 



272.9938 



291.8424 



204.1468 



2M.8864 



296.5970 



300.8662 



297.7279 



I 



8 



Mfn. 



+2.1 



+3.1 



II 



o 



M. 



262.1845 



284.8896 



a 

d 

CO 



F. 
P. 
P. 
P. 



I 
I 

O 



J. 
J. 
J. 
J. 



P. 


J. 


p. 


J. 


p. 


F. 


p. 


F. 


p. 


F. 


p. 


F. 


p. 


F. 


p. 


F. 


F. 


F. 


p. 


p. 


F. 


F. 


F. 


F. 


F. 


F. 


F. 


F. 


F. 


J. 


F. 


J. 


F. 


J. 


p. 


J. 


F. 


J. 


F. 


J. 


F. 


J. 


F. 


J. 


F. 


J. 


F. 


J. 

» 


F. 


J. 


F. 


J. 


p. 


J. 


F. 


J. 


F. 


J. 


F. 


J. 


F. 


J. 


F. 


J. 


F. 


F. 


F. 


F. 
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Bench. 


Distance. 


Direction. 


T. B. M. 77and77a.. 


Km. 

82.04 


E 

W • •• • 

Mean. 


T.B.M,78and78a.. 


83.08 


B 

W .... 

Mean. 


T.B.M.SOandSOa.. 


85.24 


E 

W.... 

Mean. 


U.S.P.B.M.71,Pop. 
reston Junction. 


87.00 


B 

W.... 

Mean. 


T.B. M.84and84a.. 


00.05 


E 

W..-. 

Mean. 


X. B. M. 85 .......... 


0L23 


E 

W.... 

Mean. 


T.B. M. 86 and 86 a.. 


02.04 


E 

W .... 

Mean. 


T.B.M.87 


02.68 


B 

W.... 

Mean. 


T.B.M.88aDd88a.. 


08.56 


E 

W.... 
E 

Mean. 


'T. B.M.90and90a.. 


05.04 


E 

W .... 

Mean. 


T> B. M. 92 


06.80 


B 

W .... 

Mean. 


• IT. a p. B. M. 72, at 

Adeline, lU. 
T.B. M., 03 and 08 a. 


07.55 


E 

B 

W^ . • • . 

Mean. 


T.B.M.96and05a.. 


00.65 


B. 

W.... 

Mean. 


T.B.M.06and06a.. 


100.76 


E 

W .... 

Mean. 



i 



il 
i 



—13. 2258 
—18. 2270 



—10. 0234 
—10. 0205 



—10. 0220 



—8.1441 —2.7 



—8.1406 



1468 



4-1.7236 
+1. 7218 



+I.r227 



L6831 
1. 6801 



1.6816 



•13. 2268 



—1.0385 
~1. 0403 



—1.0304 



—0. 3271 
—0.8272 



—0.3272 



-f 1.1567 
+L1566 



+1.1566 



—6.7837 
—5.7280 
—6.7300 



7312 



—11. 6000 
—11. 6020 



—11. flOlO 



—10.4866 
—10.4843 



—10.4854 



+2.8 



—0.0 
+0.0 



+1.5 
—1.5 



—1.0 
J-1.1 



+1.4 
—1.5 



—0.0 
+0.0 



—0.1 
0.0 



—0.1 
0.0 



+2.5 
—2.8 
—0.3 



—1.1 
+1.0 



+1.2 
—1.1 



Mm. 

L8 



0.6 



1.0 



0.7 



1.0 



0.6 



0.0 



0.0 



0.0 



0.7 



0.8 



+1.3836 

-0. 1307 
—0.1428 



-0. 1410 



—5.7030 
—5.7066 



—6.7047 



—1.8277 
—1.8270 

—1.8278 



-1.8 
+1.8 



—0.8 
+ 0.8 



—0.1 
+0.1 



0.0 



0.6 



0.1 



j£m. 



7.6 



7.8 



* 

s 



i 



M. 

280.5811 



291.8038 



286.6222 



278.8064 



262.4734 



200.5340 



200.2068 



261.8634 



256.6322 



244. 0312 



233.5458 



s 



jKfn* 



+2.6 



284.0204 
233.4048 



+1.8 



227.7001 



226.8728 



i 
31 






278.3070 



284.0307 



I 

I 



P. 
P. 



i 



S 



p. 

p. 



p. p. 

p. p. 

p. p. 

p. p. 

p. J. 

p. J. 

p. J. 

p. J. 

I 

■ 

p. p. 

p. p. 

p. p. 

p. p. 

p. p. 

p. p. 

p. p. 

p. p. 

p. p. 



p. 

p. 



p. 
p. 



p. 

p. 
p. 



p. 
p. 



p. 
p. 



J. 
J. 



J. 
J. 



J. 

J. 
J. 



p. 

p. 



p. 
p. 
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Besults ofpreci8e Itvelingt Fulton to ChioayOt III, — Continued. 



Bench. 


1 


Direction. 


Difference of ele- 
vation. 


V 

Mm. 

+0.4 
—0.5 

—1.9 
+L9 


r 


B 
Mm. 


i 


• 


Corrected eleva- 
tion. 


• 

1 

eg 

F. 
F. 

F. 
F. 

F. 

F. 
F. 

F. 
F. 
F. 
F. 

F. 
F. 

F. 
F. 

F. 

F. 
F. 
F. 

F. 
F. 
F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

F, 
F. 

F. 
F. 


•- 


T.B.M.97 and97a.. 


Km. 

101. 98 

104.22 


B 

ij .... 

Mean 

B 

W .... 

Mean. 


M. 

—2. 0460 ^ 
—2. 0451 


Mm, 

0.8 


M. 
228.8267 


Mm. 


M. 


J. 
J. 




L3 




221.1688 










—2.0456 




T.B.M.99and90a.. 


—2.6565 
—2.6603 


.T. 






J. 






8.0 


222.1936 
22L5018 


• 
+1.0 


222.1046 






—2.6584 




* TT. S. P B. M. 73 


+1.0258 
+0. 3356 


J. 


Leaf River, Illinois. 
T. B. M. 100 


105.87 
106i45 

107.82 
111.05 
112.22 

113.33 

114.44 
115.42 
116.55 

117.75 


E 

W .... 

Mean. 

B 

W... 

B 

W.... 

Mean. 

E 

W.... 

Mean 

B 

W.... 

Mean. 

E 

W .... 

E 

W.... 

Mean. 

E 

W.... 

E 

W.... 

Mean. 

E 

W .... 

Mean. 

E. .. 
W .... 

Mean. 

B 

W.... 

Mean. 

E 

E 

Mean. 

E 

W .... 

Mean. 


—2.1 


L4 


F. 




+0. 3314 '-i-^ 1 






F. 






—2.6 

+4.6 
+0.7 
—2.6 

—0.1 
0.0 

—2.1 
+2.2 

+1.8 
-4.3 
+ 1.8 
+0.7 

+2.0 
—3.3 
+1.0 
+0.3 


1.2 




227.3400 










+0. 3335 




T.B.M.101andl01a. 


+5.8408 
+5. 8336 
+5. 8375 
+5. 8408 


F. 






F. 














F. 














F.. 




0.0 




239.5054 











+5. 8382 




T.B.M.102andl02a. 


+12. 1655 
+12. 1654 


J. 
J. 




1.4 














+12. 1654 




T.B.M.106 and 105 a 


-4 8799 
-4.8842 


S34.6234 1 


J. 
J. 




1.0 




226.8798 










—4.8820 




T. B. M. 106 


—7. 7454 
—7. 7393 
—7. 7454 
-7. 7443 


F. 










F. 














F. 














F. 




0.8 


• 


218.9041 


...... 








-7. 7436 




T. B. M- 107 


—7. 9777 
—7. 9724 
—7. 9767 
—7. 9760 


F. 








F^ 


• 













f' 














F. 




1.1 




* 








. 


—7. 9757 




X.B.M.108andl08a. 


—2. 2023 
—2. 1990 


+1-7 
—1.6 


216.7085 ! 


F. 
F. 








0.6 




1 

1 

225.2039 








—2. 2006 




T.B.M.109andl09a. 


+8. 5013 
+8.4996 


-0.9 
+0.8 

+0.5 
—0.4 


F. 
F. 




0.3 












+8.5004 


227.3237 






T.B.M.110andllOa. 


+2. 1193 
+2. 1202 


J. 
J. 




-0.2 

+0.2 

+2.2 
-2.3 


0.1 


8.5 


228.3981 


+1.2 


228.3943 






+2. 1198 




*V. 8. P. B. M. 74, 
Byron, 


+1.0696 
+1.0692 


F. 
J. 


1.5 




217. 3391 










+1.0694 




T.B.M.lUandllla. 


—9. 9868 
—9.9823 


J. 
J. 


















—9. 9846 
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Bench. 


Distance. 


Direction. 


0. S. P. B. M. 76, on 
bridge over Rock 
Kiver. 


Km. 
118.63 


E.... 
W ... 

Mean 


Tr.B.M.112andll2a. 


119. 36 

• 


E.... 
W... 

Mean 


T.B.M.113andll3a. 


121. 00 


E... 
W... 

Mean 


T.B.M.U5andll5a. 


122. 75 


E.... 
W ... 

Mean 


T.B.M.116andll6a. 


123.80 


E.... 
W ... 

Mean 



'I 

9 



M. 

+0. 0764 
+0.0734 



+0. 0749 



Mm. 

—1.6 
+1.5 



Jlfm. 
1.0 



+1.6651 1—0.9 
+1.6633 1+0.9 



+ 1.6642 



+1.4311 ;+o.7 
+1.4324 -4). 6 



+1. 4318 



0.6 



0.4 



—1.4952 —0.8 
—1.4967 4-0.7 



0.5 



—1. 4960 



+1.7028 1 + 1.4 
-+1. 7057 !— 1. 5 



1.0 



+1. 7042 



*U. S. p. B. M. 76 






Stillman Valley. 






Mean . 


T.B.M.117andll7a. 


124.94 


E 

W.... 

E 

W. . 

Mean 


T.B.M.118andll8a. 


125. 86 


E 

w..:. 

E 

W .... 
E 

Mean. 


T.B.M.110andll9a. 


126.54 


E 

Mean. 


T.B.M.120 


127.42 


E 




W.... 

E 

W .... 






Mean 


T.B.M.121andl21a. 


128.26 


E 

W.... 

Mean . 



+ 0.7904 —0.2 i 
+0.7901 +0.1 I 



0.1 



-4-0. 7902 



+2.7427 1+0.9 I 0.9 

i-2.7473 —3.7 I 

+2.7431 ;+0.5 I 

+2.7412 1+2.4 I 



+2. 7436 



U.S. P. B. M. 77..., 



I 



+ 7.5763t, 0.5 

+7.5867 1+1.7 I 

+7.5904 1—2.0 ; 

+7.5880 1+0.4 ! 

+7.5883 1+0.1 I 



+7.5884 



+6. 5616 
+6. 5598 



+ 6.5607 



+ 6.6246 
+ 6.6307 
-- 6.6230 
-- 6.6250 



+ 6. 6258 



8405 
8417 



-\- 6.8411 



128.50 



E + 1.4363 

W-.-.i-h 1.4354 

E +- 1.4356 

W . . . . + 1. 4363 

Mean 



-f 1.4357 



—0.0 
+0.9 



+1.2 
-4.9 
+2.8 
+0.8 



+0.6 
-0.6 



+0.4 
--0.3 
--0.1 
-0.6 



0.6 



1.1 



0.4 



0.1 



B 



Mm. 



i 
1 



M. 

217. 4140 



219. 0782 



o 



Mm. 

+0.8 



8.8 



220. 5100 



219. 0140 



% 

II 

i 



jr. 

217.4148 



220.7182 



221.5084 



9.0 



223. 4618 



+1.0 



221.6094 



231. 0602 



237. 6100 



244.2367 



251. 0778 



252. 5135 +1. 9 



i 
I 



F. 

F. 



F. 
F. 



F. 
F. 



t 

I 



F. 
F. 



F. 
F. 



F. 
F. 



F. J. 
F. I J. 



F. I J. 

F. I J. 



F. 
F. 



F. 
F. 
F. 
F. 



F. 
F. 
F. 
F. 
F. 



262. 5164 



F. 
F. 
F. 



F. 
F. 



F. 
F. 
F. 
F. 



F. 
J. 



F. 
F. 
F. 
F. 



J. 
J. 
J. 
J. 
J. 



F. 
F. 
F. 



F. 

F. 



F. 
F. 
F. 
F. 



tBejected. 
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Bosults of precise leveling y Fullofi to Chicago, III, — Continned. 



Bench. 


Distance. 


Direction. 


Difference of ele- 
vation. 

1 


V 


r 


R 


Elevation. 


Bod correction. 


Corrected eleva- 
tion. 


1 

QQ 

F. 
F. 

F. 
F. 

F. 
F. 

F. 

F. 


i 


T.B. M. 122andl22a. 


Km. 
129.65 

131. 14 


E 

W..-. 

Mean . 

E 

W.... 


Jf. 

+ 2. 9136 
+ 2. 9104 


-1.6 
+1.6 

-0.6 

+0.7 

-0.2 
+0.2 

-0.6 
+0.6 

+ 1.5 
-1.6 


Mm. 
1.1 


Jutii. 


M. 

255.4255 


Mm. 


M. 


F. 
F. 




0.4 




246. 0895 










+ 2. 9120 




T.B.M.124andl24a. 


- 9.3354 

- 9.3367 


J. 

J. 


1 


0.1 












1 


Mean. 

E 

W.... 


- 9.3360 




T.B.M.125andl25a. 


132. 34 


- 6.0219 

— 6.0223 


240.0674 1 


J. 
J. 






1 ' 








133.78 
134.76 
135.83 
138.76 


Mean. 

E 

W.... 

Mean. 


- 6.0221 


1 

1 

0.3 

1 


239. 1324 






T.B.M.126andl26a. 


- 0.9345 

- 0.9355 


F. 
F. 




1 

1 

1.0 1 

i 






... 






— 0. 9350 


1 


1 




T. B.M. 127andl27a. 


B 

W .... 

Mean . 

E 

W .... 

Mean. 

E.... 
W.... 


+ 2. 5503 
+ 2. 5624 


241. 6932 




•••••••••• 


1- 

F. 


F. 
F. 








241.6558 












+ 2. 5608 


1 
1.6 




T.B.M.128andl28a. 


- 0.1398 

- 0.1351 


+2.4 
-2.3 





F. 
F. 


J. 
J. 




1 
1.0 1 


261. 5884 









F. 
F. 

F. 

F. 

F. 

F. 
F. 

F. 

F. 
F. 






- 0.1374 






T.B. M. 130 and 130 a. 


+20. 0340 
H-20. 0311 


-1.4 
+1.5 


F. 
F. 




t 


+2.2 


262. 9918 






Mean. 


+20. 0326 




*U. S. P. B. M 78, at 

Monroe, HI. \ 
T. B. M. 133 and 133 a ' 142. 07 

1 




4- 1.4012 





9. 3 262. 9896 


F. 


E - 1.0848 


... 

+2.8 
—2.8 

-1.1 
+1.0 


1.9 


260.5064 




F. 
F. 




Mean. 

E 

W.... 

Mean . 




0.7 1 244.5726 i 

• 1 1 


> ->>>••••• 






- 1.0820 




T.B. M. 135 and 135 a . 144. 50 


-15. 9327 
—15 9348 


F. 
F. 






1 


_ 

+1.7 


245. 6169 




1 
1 
1 


—15. 9338 






1 
9.5 ; 245.6152 

1 

244.1032 

1 




*ir. S. p. B. M, 79, at 

Fielding, DL 
T. B.M. 137 and 137 a. 


• 


+ 1. 0426 

-0. 4699 
—0. 4688 




F. 


146.84 
148. 42 
149. 08 
150.46 


E.... 
W.... 

Mean. 

E .... 
W.... 

Mean. 

E 

W.... 

Mean. 

E 

W.... 

Mean. 


+0.5 
-0.6 

H0.1 
—0.2 

+ 1.5 
—1.4 

+0.4 
-0.4 


0.4 


F. 
F. 




0.1 


1 
1 

1 




.••.•••... 






—0. 4604 


i 


T.B.M. 188 and 138a. 


—8. 3335 
—8. 3332 




235. 7698 


F. 

F. 


F. 
F. 




1 










—8. 3334 




1 


1 


T.B.M. 139 and 139 a. 


+2. 9648 
+2. 9677 


1.0 ; 238.7361 

1 


F. 
F. 


A. 
A. 




; 
0.3 ;...... 242.2971 












+2.9663 




T.B.M.140andl40a. 


+3. 5606 
+3. 5614 


F. If. 

F. Fv 




1 ' 

; 










+3. 5610 


1 
1 


1 
1 
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Bench. 



T. KM. 141 and 141 a. 



•U. a P. B. M. 80, 
Kirkland. 



T.B.M. 142 and 142a. 



T.B.M.143andl43a. 



T.B.H. 145 and 146a. 



T.B.M.147andl47a. 



T.B.M.148andl48a. 



*TJ. S. P. B. M. 81, 

Kingston. 



T.B.M. 149 and 149a. 



T.B.M.151andl51a 



T.B.M152andl52a 



*IT. S. P. B. M. 82, at 
Genoa, 111. 



T.B.H.153andl53a. 



T.B.M. 155 and 155 a. 



I 



Km. 
161.44 



162. 80 



153.46 



155.90 



158.86 



169. 79 



160. 71 



163. 08 



164.51 



165. 50 



167. 37 



53 



E 

W ... 

Jfi . . . . 

w... 

Mean 



Mean 



B. 
W 



Mean 

E.... 
W... 

Mean 

E 

W ... 

Mean 

E..-. 
W ... 

Mean 

E 

W... 



•I 

o . 

9» flS 



3z. j£ti%, 
—3.2276 —3.4 
—3.2335 +2.5 
—3. 2309 U-0. 1 
—3.2320 +1.0 



—3. 2310 



+3.1488 
+3. 1481 



+3.1484 



—0. 1393 
—0. 1431 



—0. 1412 



+2.2405 
+2. 2429 



+2. 2417 



+6. 0062 
+6. 0051 



+6. 0056 



+4. 7315 
+4. 7395 



Mean 



Mean 

E 

W ... 

Mean. 



E. 
W 



Mean 

E.... 
W... 

Mean 



Mean 



E 



Mean 

E 

W ... 

E 

W... 

Mean. 



+4. 7355 



—3. 0369 
—3. 0374 



—3. 0372 



+2. 5376 
+2.5372 



+2. 5374 



+4. 6801 
+4. 6764 



+4 6782 



—3.5879 
—3.5875 



—3. 5877 



+8. 5116 
+-8. 5137 



+-8. 5126 



+3. 2111 
+3. 2104 



+-3. 2107 



+1. 6405 
+1. 6391 



+1. 6398 



—0. 7009 
—0.6876 
—0.6907 
—0. 6945 

—0.6934 



-0.4 
+0.3 



—1.9 
+1.9 



+ 1.2 
—1.2 



—0.6 
+0.5 



+4.0 
—4.0 



-0.3 
+ 0.2 



—0.2 
+0.2 



—1.9 
+1.8 



+0.2 
-0.2 



+1.0 
-1.1 



—0.4 
+0.3 



-0.7 
+0.7 



+7.5 
—5.8 
—2.7 
+1.1 



1 

1 

1 

1 r B 

1 

1 


• 

1 


• 

1 
1 


Corrected eleva- 
tion. 


Pi 

s 

F. 
F. 
P. 
P. 

F. 
P. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

s- 

F. 

F. 
F. 

P. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 
P. 
F. 


1 


Mm. 
0.8 


Mm. 


M. 

238.0661 


Mm. 


M. 


A. 

A, 












A. 












A. 


0.2 


9.6 


242.2145 


+L6 


242. 2161 


P. 
P. 


1.8 




23&»249 






A. 






A. 


0.8 




24L1666 






A 






A. 


0.4 




247. ir22 






P. 






P. 


2.7 




251. 9077 






P. 






P. 


0.2 




248. 8705 






J. 
J. 


0.1 


10.1 


251.4079 


+1.8 


251. 4097 


J. 
P. 


1.2 




253.5487 






J. 






J. 


0.1 




249. 9610 






J. 






J. 


0.7 




258. 4736 






F. 
F, 


0.2 


10.2 


261.6843 


+2.1 


261.6864 


J. 
F. 


0.5 


"*•"•• 


260.1134 






F. 

F. 


1.9 




259.4200 




...... .... 


F. 
F. 












F. 












F. 
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BesulU of predse leveling, FaUon to Chicago^ lU. — Continued. 



Bench. 


i 


1 

P 

E 

w .... 

Mean. 

E 

W... 
E .... 
W .... 

Mean. 
E 

AV^ . • . . 

E 

W-... 

Mean. 

E 

W.... 

Mean. 

E 

W.... 

Mean. 

E 

W.... 

Mean. 


Difference of ele- 
yation. 


V 

Mm. 

—1.7 
+1.7 

+1.3 
-8.6 
+5.0 

4-2.2 


r 

Jam* 

1.1 


B 


• 

1 


• 

8 


Corrected deva- 
tion. 


QQ 


• 

1 


T. a M. 157 and 157 a. 


Km. 
169. 7S 

170. 74 

171. 91 

174. 32 
176.28 
178.06 


Jf. 

-f5.4620 
+6.4586 


Mm. 


if. 

264.8808 


Mm. 


M. 


F. 

T, 
F. 
F. 
F. 

F. 
F. 
F. 
F 

F. 
F. 

F. 
F. 

F. 

F. 

F. 
F. 

F. 
F. 
F. 
F. 

F. 

f: 

F. 
F. 
F. 
F. 
F. 

F. 
F. 
F. 
F. 
F. 
F. 

F. 
F. 
F. 
F. 


J. 
J. 




2.0 




268.1674 










+5.4603 




T.B.M.158.'. 


+3.2858 
+3. 2957 
+3. 2821 
- -3. 2849 


J. 




J, 














J. 














J. 








1.9 




263. 6216 










+3. 2871 


+0.8 
—8.0 
+5.1 
+2.0 

—0.2 
+0.2 

+L0 
—1.0 

—2.7 

+2.7 

+0.1 
—0.2 




T.B.M. 159 and 159a 


— 4.64G6 
—4. 6378 
-^. 6509 
—4.6478 


J. 
J. 














J. 












J. 




i 

0.1 ! 

......i...... 


266.0021 
.......... 










—4 6458 




T.RM.161andi61a. 


+3. 0807 
+3.0803 


F. 
F, 




( 


270. 1078 










+3.0805 




T.B.M.102andl62a. 


+3.5047 
+3.5067 


0.7 




F. 
F, 




1.8 




277.8644 










+3. 5057 




T.B.M. 184 and 164a 


4-7. 7493 
+7. 7439 


F. 
F, 




0.1 


11.0 


280. 4770 


+2.7 


280.4797 






+7.7486 




* TJ. S. P. B. M. 83, 


+2. 6225 
4-2.6228 


J. 


Hampshire, 111. 


17a 96 
180. 12 


Mean. 

E 

W .... 

B 

W.... 

Mean . 

E 

W ... 

E 

W .... 
E... 
W .... 

E 

W... 

Mean . 

B 

W.... 
E .... 

J - 
E 

W .... 

Mean . 

E .... 
W ... 

E 

W .... 

Mean 

9» 


F. 


0.6 




283.4068 










+2.6226 


4-0. fi 




T.B.M.165 


+5. 5515 


J. 




+5.5550 —2.6 
+ 6.5515 +0.9 
+5.5515 -«-0 ft 


J. 














J. 














J. 








1.0 


•>•••• 


289.7270 










+5. 5524 






T.B.M.166andl66a. 


+ 6.3176 
+ 6.3230 
+ 6.3127 
+ 6.3193 
+ 6.3200 
+ 6.3263 


+2.6 
—2.8 
+7.5 
+0.9 
+0.2 
— fi. 1 


J. 
J. 














J. 














J. 














J. 














J. 




+ 6.3195 !+0.7 
+ G.3235 —'13 












F. 


1 












F. 






+7.2 


1.1 




296. 4755 








1 

1 


+ 6.3202 




T.B.M.167 j 180.85 


+ 6.7413 
+ 6.7462 


J. 

J. 


1 


f 6. 7496 I— 1. 1 
+ 6.7527 4^ 












.T. 




...... 




.......... 






J. 




-H 6.7512 
+ 6.7501 


—2.7 
—1.6 












J. 














J. 




1 




1.4 




303. 1878 










18J.85 


+ 6. 7485 

1 




T.B.M.168andl68a. 


!+ 6.6583 
+ 6.6605 


-i-3.5 

4-13 


J. 
J. 




+ 6. 6676 —5. 8 
■ + ti. 6609 l-i-O. 












tT. 














J, 


- 


+ 6.6618 
















U. Ex. 64 


(•^ 




'1 1 ' 





ISO 
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Be9ults of precise leoeUnQf Fulton to ChicagOf iU.— Continaed. 



Bench. 


t 


s 


Difference of ele- 
vation. 


V 


r 


R 


• 


• 


Coirected eleva- 
tion. 


1 

1 

P. 

F. 

P. 

F. 

F. 
F. 

F. 

F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 
F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 
F. 
F. 




T.B.M170andl70a. 


Km. 
188.90 

186.17 

188.42 

187.90 

188.58 


E 

W .... 

Mean. 

E 

W .... 

Mean . 

E 

W .... 

Mean. 

B 

W • . ■ . 

Mean. 

E 

W.... 

Mean. 


M. 
—13. 5610 
-18.5532 


Mm. 
+8.9 
-3.9 

— L7 
+1.7 

—0.9 
+0.9 

+L0 
—1.1 

—0.8 
+0.7 

+1.2 
—1.1 

—0.6 
+0.5 

+0.2 
—0.1 

—3.9 
-f3.9 
—0.8 
+0.6 

+1.0 
—0.9 

+0.2 
-0.1 

+1.3 
—1.4 

+0.6 
—0.6 

+6.0 
—1.2 
—1.4 
-3.4 


Mm. 
2.6 


Mm. 


jr. 

289.5802 


Mm. 


M. 


F. 
F. 




1.1 




287.2871 




• 






—18. 6571 




T.B.M171andl71a. 


— 2. 8114 

— 2. 3148 


F. 






F. 




0.6 




284.9060 










— 2. 3131 




T.B.M.172a]idl72a 


— 2.3612 
-2.3630 


F. 
F. 




0.7 


• 


286.1872 










— 2. 3621 




T.B.M173andl78a 


+ 1.2512 
+ L2533 


J. 






J. 




0.6 




284.4744 










4 1.2622 




T.B.M.174andl74a. 


— L6820 

— 1. 6835 


.T. 




0.8 


11.6 


286.8068 


+2.8 


285.8096 






— 1.8828 




•U. S. P. B. M. 84. . 


+ 1.8312 
+ 1.3385 


F. 


Pingree Grove. 


189.91 
192.38 
193.38 

193.85 


Mean. 

B 

W^ .... 

Mean . 

E 

W .... 

Mean. 

E.... 
W .... 

B 

W.... 

Mean. 

E 

W.... 

Mean. 


,T. 


0.4 




283.7226 










+ 1.3324 




T.B.M176. 


— 0. 7512 

- 0.7523 


J. 


Plngree Grove. 


J. 


0.1 




279. 0116 










— 0. 7518 




T.B.M.177andl77a. 


— 4. 7112 

— 4. 7109 


F. 
F. 




...... 

1.1 




271.5268 










— 4.7110 




T.B.M.178andl78a. 


—7. 4809 
—7.4887 
—7.4840 
—7.4854 


F. 






F. 














F. 














F. 




0.6 




27L 2170 










—7.4848 




T. B. M. 179 


—0. 3108 
—0.3089 


J. 




J. 




0.1 


11.7 


265.3542 


+2.2 


265.3564 

• 






—0.8098 




♦U. S. P. B. M. 86. 


—5 8630 
—5.8627 


F. 


W. of Dnmpser. 


........ 

194.38 
195.35 
195. 96 


E 

W.... 

Mean. 

E 

W.... 

Mean. 

E 

W.... 
E .... 
W.... 

Mean. 


F. 


•••••• 

0.9 




267.4250 










—5.8628 




T.B.M.180andl80a. 


—3. 7933 
—3.7906 


J. 
J. 




0.4 




259.7329 










—3. 7920 




T.B.M.181andl81a. 


—7. 6927 
-7. 6916 


J. 
.T. 




1.4 




256.4272 










—7. 6921 




T.B.M.182andl82a. 


—3. 3117 
—3.3045 
—3.3043 
—3. 3023 


J. 
J. 














J. 














J. 


















—3. 3057 
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BesulU of precise levelingy Fulian to Chicago, HI, — Continued. 



Bench, 



T.B.M.188aiidl88a. 



T.B.M.186Midl86a. 



T.B.M.186aiidl86a. 



♦U.S.P.B.M.8aW. 

ElKin, Ills. 
•TT.S.P.B.M.87W., 

Elgin, IUb. 



*B.M.(forMr.Kew- 

oombs) At Elgin, 

lU. 
*Ba8e of BaU C. M. 

& St. P. B. B.. 

Bridge Street 

crosaing. 
T.B.M.188andl88a. 



T.B.M.189andl89a 



•V. a P. B. M. 88 
Bridge, FoxBiver. 



T.B.1C.191 and 191a. 



T.B.M. 183 and 198a. 



T.B.1C. 194 and 194a. 



T.B.^ 195 and 195 a. 



T.B.lC.196andl96a. 



♦IT. S. P. B. M. 89, 
Bartlett, HI. 



i 



Km. 
197.06 



199.20 



aoi.02 



202.77 



208.28 



204.05 



206.83 



208.46 



210. 26 



211.58 





Q 



E. 
W 



Mean 



B. 
W 



Mean 

E. .. 

tT ... 

Mean 



—15. 1930 
—15. 1986 



.14. 8749 
—14.3732 



Mean 



itT • .. . 

Mean 



Mean 



Mean. 

E 

tT .... 

Mean. 



E 

tT . . .. 

Mean. 

E . . . . 
tT . ... 

Mean. 

E.... 
w . • .. 

Mean. 

E .... 
W .... 

Mean. 



Mean 



il 

a 



M. 

—3.1127 
—3. 1117 



—3.1122 



-15.1959 



—14. 3740 



+1.0002 

+0.3800 
+0. 8796 



+0. 3798 



+9. 2756 



-s0.8540 



Mm, 

-fO.5 
—0.5 



—2.9 
+2.9 



+0.9 
—0.8 



—0.2 

+0.2 



t 



1. 0236 
1. 0217 



-f 1.0226 



+1. 8120 
+1. 3102 



+L8111 



-0. 0010 
-0. 0012 



—0.0011 



+2.8007 
+2.3011 



+2.3009 



+13. 1758 
+ 18.1742 



+13.1750 



+0. 2088 
+0.2049 



+0.2068 



+7. 8912 
+ 7.8869 



+7.8890 



+0.6321 
+ &6311 



+0.6316 



-h 0.8485 
+0.8485 

+0.8485 



—1.0 
+0.9 



—0.9 
+0.9 



-0.1 
+0.1 



+0.2 

1—0.2 



—0.8 
+0.8 



-2.0 
+L9 



—2.2 
+2.1 



—0.5 
+0.5 



0.0 
0.0 



Jim* 
0.3 



1.9 



0.6 



0.1 



0.6 



0.6 



0.1 



0.1 



0.5 



1.3 



1.4 



0.8 



0.0 



Mm. 



I 



M. 
253.3150 



12.0 
12.0 



12.0 



12.2 



23a 1191 



223.7451 



224.7453 
224.1249 



233.4005 +1.3 



Mm. 



+L0 

+1.0 



I 



223.7709 



224.7677 



22&0788 



226. 0777 



22&3797 



241.5547 



24L7615 



249.6505 



250.2821 



25L1306 



+1-1 



+1.8 



i 



II 

i 



M. 



224.7463 
224.1259 



288.4018 



226.0788 



26L1824 



I 

QQ 



P. 

P. 



P. 
P. 



P. 
P. 



6 



p. 
p. 



J. 
J. 



p. 
p. 



p. 
p. 



J. 

J. 
J. 



p. 
p. 



p. 
p. 



p. 
p. 



p. 
p. 



p. 
p. 



p. 

p. 



p. 
p. 



p. 
p. 



p. 
p. 



J. 



J. 
J. 



J. 
J. 



J. 
J. 



J. 
J. 



p. 
p. 



p. 
p. 



J. 
J. 



J. 
J. 



J. 
p. 
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Bench. 



T. a M. 197 and 197 a 



T.B.M.198andl98a. 



T.B.M. 199andl99a 



T.B.M200 



T,B.M201aiid201a 



T.B.M.203and208a. 



T.B M.204and204a. 



*n. S.P.B.M.90at 
BoaeUe,!!!. 



T.B.M.206and206a. 



T.B.M207and207a. 



T B.M.208and208a. 



T.B.M.209and209a 



*U. S. P. B. M. 91 at 
Itasca. 



T.B.M210and210a 



Distance. 


' Direction. 


Difference of eie- 
vation. 


V 
Mm. 

1 7 


r 

itm, 
1.1 


R 


i 


1 


Corrected elcTa- 
tion. 


1 

P. 
P. 

P. 
P. 

P. 

F. 
P. 
P. 

P. 
P. 

P. 
P. 
F. 
P. 

P. 
P. 

P. 
P. 

F. 
P. 

P. 
F. 

P. 


1 


Km. 
218 ao 




Mm. 


M. 

250.5851 


Mm. 

...... 




F. 




w * ..1 0.0 ;»ia -1-17 


) 


F. 






' 


+1.3 
—1.4 


0.9 




258.8144 








Mean. 


+0.2530 




214.84 


B ... 
W.... 

Mean. 

la ... . 

w 


+3.2780 
+3. 2807 






P. 
F. 




0.9 




25015831 











+8. 2703 


1 
1 

••••..I.......... 

...... 1 ... 




215. 10 


-3. 2312 
—3. 2.%fi3 


—1.1 

4.4.0 


J. 

.r. 




E ' —3.2310 —1.3 

W ... ! — ^2309 '—1.4 








1 


,T. 














J. 




Mean. 

E.... 
W.... 






0.9 




247.7562 








( 


-3.2323 




215.82 


—2.8273 
—2.8245 


+1.4 
—1.4 


P. 
J. 




1.1 


• 

250.8 


694 


...... 








Mean. 

E 

W.... 
E .... 
W.... 

Mean. 

B 

W.... 

Mean. 

B 

W.... 

Mean 


—2.8259 




217.08 


+2.6177 
+2.6120 


-4.5 
4-1.2 


F. 










F. 




+2.6102 !4-3.0 












P. 




+2.6129 


+0.3 

+L9 
-2.0 

—0.3 
+0.2 

0.0 

+ai 

-0.9 
+1.0 

+2.3 
—2.3 

-0.3 
+0.3 

—1.1 
+1.0 












F. 




1.3 


1.3 


248.6716 










+2.6132 




21&82 


—1.6907 
-1.6958 


J. 




0.2 




24L1198 










—1.6978 




220. S8 


— 7.5620 

— 7.5625 


J. 
J. 




0.0 


12.4 


241.4079 


+1.5 


241. 4004 






— 7. 5523 






+ 0.2886 
+ 0.2885 


F. 




Mean. 

E 

W .... 

Mean 

E 

W.... 

Mean. 

E 

W.... 

Mean. 

E.... 
W.... 

Mean. 


P. 




0.6 




238.2191 










+ 0.28S6 




222.68 


— 7.8998 

— 7. 9012 


F. 








F. 




1.6 


1 










— 7.9002 




229. 3912 




223.66 


- 3. 8302 

— 3. 8256 


J. 




0.2 




22&6604 






F. 
F. 






— 3. 8279 




224.66 


— 0. 7305 

— 0. 7311 


F. 
F 




0.7 




215. 9618 










— 0. 7808 


1 




226.30 


-12. 6976 
-12.6996 





F. 

F. 


F. 




0.2 


12.6 


219.1427 


+0.9 


219.1486 


1 




—12. 6986 


_n 3 


F. 
P. 

F. 
F. 
F. 






+ 3.1812 


F. 






+ 3.1806 -^0. » 


F. 








1.0 




213. 7889 










Mean 

E 

W... 
E 

Mean. 


+ 3. 1809 




227.22 


- 2. 2257 

- 2. 2207 

- 2. 2224 


+2.8 
-2.2 
—0.5 


A. 
A 














J 


















- 2.2229 
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Bench. 


6 
o 


1 


DifEerenoeof ele- 
vation. 


V 

Mm. 
+0.3 
—0.3 

-0.5 
+0.5 

-1.2 
+1.1 

+3.2 
—0.9 
-0.6 
-1.7 

+1.0 
—1.0 

0.0 
+0.1 

—0.5 

+0.6 

-1.5 
+1.6 

k-1.6 
+1.6 

+0.4 
—0.3 

-0.7 
+0.8 

—0.9 
+0.0 

-2.3 

+2.4 

+2.6 
-2.7 


r 


B 


Elevation. 


• 

8 


Corrected eleva- 
ti<Mi. 


1 


O 


T. B. M. 211 and 211 a . 


Km. 
22^14 

229.26 

230.89 

231.57 

232.41 


B 

W... 

Mean. 

E.... 
W... 

Mean 

B... 
W... 

Mean. 

E 

W.... 

E 

W..-. 

Mean. 

E .... 
^n .... 

Mean. 


if. 

+ 0.9483 
+ 0.9489 


Jsvn. 
0.2 

0.3 


1 
Mm. 1 M. 

214,6876 

! 

' 21A.^M 


Mm. 


M. 


F. 
F. 

F. 

F. 

P. 
F. 

F. 
F. 
F. 
P. 

P. 


P. 








P. 




+ 0.9486 




T. B. M. 212and212 a. 


+ 1.5918 
+ 1.5908 


p. 












P. 




0.8 




216. imi 










+ 1.5913 




T.B.M.213and213a. 


— 0. 1205 

— 0. 1228 


J. 

J. 




2.1 




211. 7788 










— 0. 1217 




T.B.M.214 


— 4a 3865 

— 4. 3824 

— 4. 3827 

— 4. 3816 


.T, 




J. 








# 






J. 














P. 




0.7 




212.6641 








« 


— 4.3833 




T.B.M.215and215a. 


+ 0.8893 
+ 0.8913 


J. 




0.0 


12.8 


213.6735 


+0.7 


218. 6742 


F. 

P. 

P. 
P. 

F. 
P. 

P. 






+ 0.8903 




*U. & P. B. M. 92 at 


+ 1.0094 
+ 1.0093 


J, 


Bensenville, 111. 


234.08 
235.88 
287.64 


Mean. 

E 

W.... 

Mean. 

E.... 

W^ .... 

Mean. 

E 

W.... 

Mean. 


P. 


0.4 




207.9500 










+ 1.0094 




T.B.M. 216and216a 


-4. 7136 
-4. 7146 


P. 

P. 




1.0 




203.7211 










-4.7141 




T.B.M.218and 218 a 


-4. 2274 
-4a 2305 


P. 
P. 




1.1 




202.9717 










-4.2289 




T. B. H. 219 and 219 a 


-Oa 7478;^ 
-0. 7510 


J. 












0.2 


12.9 


204.5064 


+0.5 


204.5069 


P. 
P. 

P. 






—0. 7494 




*U.S.P.B.M. 93, at 


+1.5343 
+1.5350 


J. 


28&59 
289.42 
241.96 
244.05 


Mean. 

E 

W .... 

Mean. 

E 

W .... 

Mean. 

B 

W .... 

Mean. 

E 

W .... 

Mean. 


P. 




0.5 




202.0044 










+1.6347 




T. a M. 220 and 220 a 


—0.9666 
-0.9681 


J. 




0.6 




201. 3165 






P. 
P. 

P. 

P. 

P. 
P. 






-0.9673 




T.B.M.221and221a 


-0. 6870 
— 0.6i^ 


P. 
P. 




1.6 




198.0613 










—0.6879 




T.B.M.228and223a 


—3. 2529 
—3. 2576 


P. 

P. 




1.8 




202.3092 










—3.2552 




T.B.M.225and225a 


+4.2453 
+4.2506 


J. 
J. 


















+4.2479 
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Bench. 


• 

1 

1 


• 


jl 


V 


r 


B 


• 

1 


1 


Corrected eleva- 
tion. 


• 

1 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 
F. 
F. 

F. 
F. 

F. 
F. 

F. 


• 


T.B.M.226and226a 


Km. 
245.35 

246.32 

248.88 

240.10 

• 


B 

w^ . . . . 

Mean 

B 

yy .... 

Mean. 

B 

iV .... 

Mean. 

B 

W.... 

B 

W.... 

Mean. 


jr. 

+2.8476 

+2.8488 


Mm. 

+0.6 
-0.6 

+0.2 
-0.8 

+1.6 
-1.5 

+2.1 
-2.2 
+0.8 
-0.7 

-0.2 
+0.2 

+0.7 
-0.6 

+1.4 
—1.4 

—2.5 
+2.5 

+2.6^ 
—6.9^ 
—1.4 
+4.5 

+0.6 
—0.6 

0.0 

+0.1 

+1.0 
—1.0 


Mm. 
0.4 


Mm. 


M. 

204.6674 


Mm. 


jr. 


F. 
F. 




0.2 




908.1270 










+2.8482 




T.B.M.227and227a 


—1.5806 
-1.5301 


P. 
F. 




1.0 




104.4054 










—1.5304 




T.B.M.229and229a 


—8.7232 
—8.7201 


F. 
F. 




0.6 




193.1472 










-&7216 




T R. M 2aO And 2S0 a. 


—1.2603 
— L2560 
—1.2500 
-1. 2575 


P. 








F. 












• 


F. 














F. 




0.1 


13.2 


194.4459 


+0.2 


a 

194.4461 






—1.2582 




*U.S.P.B.M. 94,at 
Ciagin. 


+1.2989 
+1.2985 


F. 


250.06 
251.81 
252.50 
254.27 

256.11 

257.77 
258.57 


Mean. 

B,.... 

yj .... 

Mean. 

B 

W.... 

Mean. 

E 

W . .. . 

Mean. 

B 

W-... 

E 

W... 

Mean. 

E 

Vf .... 

Mean. 

Mean. 

E 

W.... 

Mean. 

B 

Yr .... 

Mean. 


F. 


0.4 




19L4640 










+1.2987 




T 'B.M.281 and231 a 


—1.6839 
—1. 6826 


P. 








F. 




0.9 




190.4658 










—1.6832 




T.B.M.282and232a 


—0.9968 
—0.0996 


F. 




1.7 




189.0964 


••■•«• 




F. 
P. 

P. 
P. 
P. 
P. 

P. 
P. 

P. 
P. 

P. 

P. 

P. 

P. 
P. 






—0.9982 




T.B.M.233and288a 


—1.3649 
—1. 3699 


J. 
J. 




i:« 




187.6844 










—1.3674 




T.B.M.284and884a 


—1. 4166 
-1. 4081 
—1. 4126 
—1.4186 


J. 
J. 














J. 














J. 




0.4 




185.8586 




••. ••••.•• 






-1. 4140 




T.B.M.236and236a 


—2. 3264 
—2. 3252 


P. 
F. 




0.0 


13.5 


186.4436 


-0,1 


186.4435 






—2. 3258 




•U.S.P.B.M. 05at 
Chicago. 


+1. 0850 
+1. 0849 


P. 
P. 


0.7 




185.1262 










+ 1.0850 




T.B.M. 287 and 287a 


—0.2334 
—0. 2314 


P. 
P. 






13.5 


187.6023 
185. 5128 


0.0 


187.6023 






-0. 2824 




«ChlcagoCityB.M.I. 


+2.4761 


P. 


—0.7 
+0.6 


0.4 




T. B.M. 238 


+0.3873 
+0. 3860 


P. 




P. 


■# 
















+0. 3866 
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Bentlta of preoUe leveling, Fulton to Chicago, JII.— Continaed. 



Benoh. 



*Cliioago 

GityB.M. n 



T.B.M. 289 and 299a 



*CliicagoCityB. IC. 
IV. 



^Chicago 

CityB. M.in. 



*Zero of Chioftgo ave. 

Biyer gauge 

*Zem of tempoxacy 

gauge A. 
T.3.H.240 



*GhioagoCitYB.^ 
VI. 



*n.&P. B.M.96, at 
Chicago. 



T.B.M.241. 



Chicago City B. M. 



♦TJ.aP.B. 1£ 97, at 
Chicago. 



*TT.&P.B. M.98,at 
Chicago. 



* ChiMue oCityB.M. 



Zero of temporary 
gauge "B.*^ 






Km, 



25&97 



2S9.68 



260.46 



260.88 



261.20 



26L86 



:0 

I 

P 



Mean 



E. 

W 



Mean 
E.-.. 



vf • . . . 

E 

W.... 

Mean. 

E 

itT • ■ .• 

Mean. 



E 

w . .. . 

Mean. 



Mean 



Mean 



E.... 
W ... 

Mean 



E. 
W 



Mean 



Mean 



Mean 



Mean. 

E 

W ... 

Mean. 



^ 



JO 



M. 

+L6024 
+1. 6016 



+1.6020 



—0.1588 
-0.1602 



—0.1905 



+1.6798 

+1.6862 
+1.6828 
+L6806 



+1. 



—1.1830 
-1.1827 



-L1828 



—3.0260 
—3.0505 

+0. 1820 
+0. 1797 



+0. 1808 



+o! 



2785 
2783 



+0.2784 



+L2215 
+1.2216 



+1. 2216 



—0.3157 
—0. 3178 



—0.3168 



n 



0580 
0563 



+0.0572 



+0.7092 
+0.7097 



+0.7094 



t 



1. 5330 
1.5828 



+1.5329 



—0.1007 
—0. 1010 



—0.1008 



^—3. 9290 
—3.9302 

^9300 



Mtn* 
-0.4 

+0.4 



-0.7 

+0.7 



+2.4 

—4.0 
—0.1 
+1.6 



+0.2 
—0.1 



—1.2 

+1.1 



-0.1 

+0.1 



+0.1 
0.0 



—LI 
+L0 



1—0.8 
+0.9 



+0.2 
—0.3 



—0.1 
+0.1 



—0.1 
+0.2 



—0.1 
+0.2 



0.3 



0.5 



1.0 



0.1 



0.8 



0.1 



0.0 



0.7 



0.6 



0.2 



0.1 



0.1 



0.1 



Mm. 
13.6 



18.5 



18.5 



13.5 
18.5 



18.6 



18.6 



13.6 



13.6 



18.6 



18.6 



13.6 



s 

s 



M, 
187. U48 



186.8588 



187.0856 



185.8627 



182.8267 
182.7982 

187.2168 



187.4947 



188.4879 



186.8996 



186.9667 



187.6661 



188.4896 



18&8659 



188.0267 



8 



Mm, 
0.0 



0.0 



— ai 



—0.2 
—0.2 



0.0 



0.0 



0.0 



0.0 



0.0 



0.0 



—0.2 



jr. 

187.1148 



187.0855 



186.8626 



182.8266 
182.7980 



187.4047 



188.4370 



186.9567 



187.6661 



188.4896 



186.8569 



188.0265 



I 



F. 



F. 

F. 
F. 

F. 



F. 
F. 



F. 

F. 



F. • 
F. 



J. 

J. 

J. 
J. 



J. 

J. 



F. 
F. 

F. 
F. 



F. 

F. 



F. 
F. 



F. 
F. 



F. 
F. 



F. 
F. 



F. 



J. 
J. 

F. 
J. 



F. 
F. 



F. 
F. 



F. 
J. 



F. 
J. 



F. 



F. 
F. 



F. 
F. 



F. 
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Bench. 


1 


j 


Difference of ele- 
vation. 


V 


r 


B 


g 

1 


8 


1 

¥ 

o 
O 


1 

OQ 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 
F. 

• w » » 


• 

o 


*ChioagoOHyB. M. 

vn. 


Km. 


Mean. 


M. 

+0.7220 
+0.7228 


Mm, 

+0.2 
—0.1 

+0.6 
-0.5 

+0.6 
—0.6 

+1.4 
— L4 

+0.9 
-0.9 

+1.4 
—0.1 
—1.4 

—3.6 
+3.6 

—5.7 
+6.7 

—5.9 
+6.0 


Mm. 

0.1 


Mm. 
18.6 


M. 

187.6217 


Mm. 
0.0 


M. 
187.6217 


F. 
F. 




0.8 


13.6 


186.3674 


—0.1 


188.8678 






+0.7222 




*U. 8. p. B. M. 99. at 


—1.2548 
—1.2638 


F. 


Chicago . 




Mean. 


J. 


0.4 


18.6 


184.6808 










—1.2548 




*T.B.M.242 


—8.0020 
—3.0008 


F. 






Mean. 


J. 




0.9 


13.6 


188.1186 


-0.2 


183.1184 






—8.0014 




*Zero of temporary 
gange"C.'^ 


—4.6045 
—4.5017 


F. 
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DESCRIPTION OF PERMANENT BBNCH-MABKS BETWEEN FULTON AND CHICACK>| ILL. 

(All permanent bench-marks are lettered U. S. P. B. M. For description of U. S. P. 
B. W» 53, 54, 55, and 56, see Annual Eeport for 1883, page 141.) 

U. S. P. B. M. 57 is at Fnlton, Whitesides County, Illinois, on the northeast corner 
of Cherry and Bench streets. It is center mark of copper bolt leaded horizontally in 
south face of stone foundation wall to the Northern Illinois College, 3^ feet above the 
ground, and 14 inches £rom the southwest corner of foundation. Elevation, 188'^. 1876. 

U. SL P. B. M. 58 is in Whitesides County, Illinois, on the southeast abutment of 
the railroad bridge north of Fulton Junction, 970 meters north from crossing of C.^ 
M. and St. P. and the C. and N. W. R. B., first being the top of a copper bolt leaded 
Teortically in the bridge-seat stone. Elevation, 183*°. 7503. 
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B. M. 35, of Oaptain Maekenzie, at Fultaa, on water table, southeast comer of en- 
gine-room of elevator, under planking. Elevation, 184™.7790. 

U. S. P. B. M. 59, three milee north of Fulton Junction, in Whiteeides County, Illi- 
nois, in west end of north abutment of railroad bridge, being the top of copper bolt 
leaded vertically in second course of stone from top. Elevation, 1850^.8275. 

U. S. P. B. M. 60, at Thomson, Carroll County, Illinois, west end of Christian church, 
350 meters east oi C, M. and St. P. K. R., being the center mark of copper bolt 
leaded horizontally in the foundation wall. Elevation, 190^.8597. 

U. S. P..B. M. 61, one mile south of Savanna, Carroll County, Illinois, in middle pier 
and directly under railroad bridge No. £ 392, being top of copper bolt leaded verti- 
cally. Elevation, 185»n.0035. 

U. S. P. B. M. 62, at Savanna, Carroll County, Illinois, on door-sill of engine-room 
of the C, M. and St. P. R. R. Co.'s elevator on the bank of the river, being top of cop- 
per bolt leaded vertically in the south end of the south door east side. Elevation, 
l86«.5778. 

Captain Mackenzie's B. M. 34 is on the same sill marked **-\-" Elevation, 186°^. 5788. 

U S. P. B. M. 63, at Savanna, Carroll County, Illinois, on northwest corner of Main 
and Jefferson streets, in facing stone, south face, southeast comer of brick building 
owned by W. B. Laws, being the center of copper bolt leaded horizontally. Elevation, 
188«.8537. 

U. S. P. B. M.64, Savanna, Carroll County, Illinois, 2i miles east of the ''Junction 
House," and 50 meters south of the main line of the C, M. and St. P. R. R., in the top of 
west end of north abutment of wagon bridge over Plum River, being the top of copper 
bolt leaded vertically. Elevation, 187<°.0846. 

U. 8. P. B. M. 65, 300 meters north of **1 mile post," west of Hickory Grove Station. 
C.,M. and St. P. R. R., Carroll County, Illinois, in east side of stone foundation wall 
of barn owned by J. Fish, being the center mark of copper bolt leaded horizontally, 
5 leet south of door and 3 feet above ground. Elevation, 211'".50'<^. 

U. S. P. B. M. 66, at Mount Carroll, Carroll County, Illinois, about 100 meters south 
of depot and 40 meters east of C., M. & St. P. R. R., in bam building attached to eleva- 
tor, being the center mark of copper bolt leaded horizontally in the west end of south 
face of stone foundation, 3 feet above the ground. Elevation, 255°^. 1128. 

U. S. P. B. M. 67, about 4 miles west of Lanark, Carroll County, Illinois, north 
end of east abutment of railroad bridge No. 454 (C, M. and St. P. R. R.), over Carroll 
Creek, being the top of copper bolt leaded vertically in the second course of stone 
firom the top. In the stone are cut the letters '' U. S. P. B. M.," and the date, ''May 
25, 1883." Elevation, 246^.5122. 

U. S. P. B. M. 68, at Lanark, Carroll County, Illinois, 25 feet from the southwest 
comer of Carroll and Main streets on the upper doorstep of brick building occupied 
by a bank and owned by Walff Bros., being the top of copper bolt leaded vertically 
in upper doorstep on Carroll street, and 1^ feet above ground. Elevation, 275°*.2841. 

U. S. P. B. M. 69, is 2^ miles east of Lanark, Carroll County, Illinois, on the line of 
the C, M. and St. P. R. R., in coping of north end of east abutment of railroad bridge 
over Carroll Creek, being the top of a copper bolt leaded vertically. Elevation, 
2e2«'.1845. 

U. S. p. B. M. 70 is 3^ miles east of Lanark Junction, Carroll County, Illinois, on 
the line of the C, M. &. St. P. R. R., 140 meters south of the track, in barn building 
owned by Mr. M. Crabtree, being the center mark of copper bolt leaded horizontally 
in the east end of the north face of stone foundation wall, 2 feet above the ground. 
Elevation, 294°'.8395. 

U. S. P. B. M. 71, at Foreston Junction, Ogle County, Illinois, where the C, M. & St. 
P. R. R. passes under the Illinois Central, in the lower step of west wing of south abut- 
ment of the stone archway in the fourth course of stone from the bottom, being the 
top of a copper bolt leaded vertically. Elevation, 273™. 3979. 

U. S. P. B. M. 72, at Adeline Station, C, M. & St. P. R. R., Ogle County, Illinois, in ele- 
vator building of the aforesaid railroad company, being the center mark of copper 
bolt leaded horizontally in the east face of stone foundation wall at the southeast 
corner, about 4 feet above the ground. Elevation, 234'°. 9307. 

U. S. P. B. M. 73, at Leaf River, Ogle County, Illinois, 70 meters east of the depot and 
Just opposite the water-tank, in elevator building owned by D. Sprecker, being the 
center mark of copper bolt leaded horizontally in the east end of south face of the 
stone foundation wall about 4 feet above the ground. Elevation, 222™. 1946. 

U. S. P. B. M. 74, at Byron, Ogle County, Illinois, 560 meters soath of the C, M. & St. 
P. R. R. track measured on Walnut street, in brick and stone building fronting on said 
street, and occupied by hardware and dry-goods stores, and the Commercial Hotel, 
owned by J. F. Spalding, being center mark in copper bolt leaded horizontally in north 
wall of northeast comer, 11 inches from comer and 4 feet above ground. Elevation. 
228«>.3943. 

U. S. P. B. M. 75 is 1^ miles east of Byron, Ogle County, Illinois, on the line of the 
C, M. & St. P. R. R. track, in west abutment of railroad bridge over Rock River, being 
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the top of copper bolt leaded vertioally in stone coping sonth side. Elevation, 217™.- 
4148. 

U. S. P. B. M. 76y at Stillman Valley, Offle County, Illinois, 50 meters east of the depot 
and 20 meters sonth of the main track of the C, M. & St. P. R. R. Co., in the west ftont 
of foundation wall of the elevator building owned by J. D. Sl J. J. White^ being the 
center mark of copper bolt leaded horissontaUy, 11 inches from the northwest comer. 
Elevation, 221».50d4. 

U. S. P. B. M. 77 is 2,600 meters west of Davis Junction, all in Ogle Connty, Illinois^ 
in oorth end of west abutment of small bridge of the C., M. Sl St. P. R. R.,,beinff the 
top of a copper bolt leaded vertically in the coping stone. Elevation, 252°^. 5154. 

U. S. P. B. M. 78, at Monroe, Ogle County, Illinois, 24 meters west of depot of the C, 
M. & St. P. R. R., in east face of stone foundation wall of elevator building, owned by D. 
A. Cipperly, being the center mark of copper bolt leaded horizoutally, 1^ feet north 
of southeast corner and 3^ feet above the ground. Elevation, 262°^. 9918. 

U. S. P. B. M. 79 at Fielding, Ue Kalb County, Illinois, 10 meters north of main track 
of the C, M. &, St. P. R. R., in south face of stone foundation wall of elevator, being cen- 
ter mark of copper bolt leaded horizontally, 25 feet west of the southeast corner and 2^ 
feet above the ground. Elevation, 245. "^169. 

U. S. P. B. M. 80, at Kirkland, De Kalb Connty, Illinois, 175 meters south of railroad 
track, on street running to depot from the south, in brick building owned by Dean 
&, Rowen, to be used when completed for a bank, being the center of a copper bolt 
leaded horizontally, 6 inches from the northwest comer, on the west face of stone 
foundation 5 feet above the ground. Elevation, 242*°.2161. 

U. S. P. B. M. 81, at Kingston, De Kalb County, Illinois, \ mile east of the depot and 
10 meters north of the main track, in a brick store building in Chapman's addition be- 
longing to Mr. Julius Chapman, being center mark in copper bolt leaded horizontally 
in the water table on west face, northwest corner. Elevation, 251'^.4097. 

U. S. P. B. M. 82, at Genoa, De Kalb County, Illinois, 100 meters sonth of main track 
of the C, M. & St. P. R. R., at the corner of Main and Emmett streets in brick store 
building owned by Alexander Crawford, being the top of a copper bolt leaded verti- 
cally in the south end of stone door sill on the east side. Elevation, 261^.6864. 

U. S. P. B. M. 8.3, at Hampshire, Kane County, Illinois, on State street, in brick build- 
ing owned b^ Phillip Shultz, and used for post-office and drug store, in the stone 
water table in the west face of the southwest corner, being the center mark of copper 
bolt leaded horizontally. Elevation, 280n».4797. 

U. S. P. B. M.,84 at Pingree Grove, Kane County, Illinois, about 100 meters north- 
east of depot, in foundation of store building owned by J. B. Sohedden, in north face 
5 feet from the northwest comer, 1 foot above the ground, being the center mark of 
a copper bolt leaded horizontally. Elevation, 285™.8096. 

U. S. P. B. M. 85 is f of a mile west of Dumser Station, Kane County, Illinois, on 
the line of the C, M. ^ St. P. R. R., in railroad culvert No. 19, 20 meters north of rail- 
road track, being the top of a copper bolt leaded vertically in coping stone in east 
end of north abutment. Elevation, 265^.3564. 

U. S. P. B. M. 86, at West Elgin, Kane County, Illinois, comer of State street and 
Highland avenue, in water table of the large brick building known as the Waverly 
House, on north face, 6 inches from the northeast comer and 4 feet above the ground, 
being center mark of a horizontal bolt. Elevation, 224i".7463. 

U. S. P. B. M. 87, at West Elgin, Kane County, Illinois, on the southwest comer of 
River street and the C, M. & St. P. R. R. track, on the north face of brick and stone busi- 
ness building owned by Robert Beckwith, being the top of copper bolt leaded verti- 
cally in east end of stone doorstep. Elevation, 224™. 1259. 

B.M. ^'Newcomb," at East Elgin, 111., on Center street, btween Du Page and Chi- 
cago streets, bein^ cross ( X ) cut in west face of brick foundation wall of building 
owned by the Elgin Scientific Association. Elevation, 233"^.4018. 

U. S. P. B. M. 88 is l\ miles sonth of Elgin, Kane County, Illinois, in west end of 
south abutment of the C., M. & St. P. R. R. bridge over Fox River, being the top of a 
copper bolt leaded vertically in the coping stone. Elevation, 226™.0788. 

U. S. P. B. M. 89, at Bartlett, Cook County, Illinois, 150 meters northwest of depot 
and 100 meters north of railroad track of the C, M. & St. P. Co., in the stone foun- 
dation of the Congregational Church, being the center mark of copper bolt leaded 
horizontally on the east face of the southeast corner. Elevation, 251°^.1324. 

U. S. P. B. M. 90, at Roeelle, Du Page Countv, Illinois, on the southeast comer of 
Chicago street and road crossing it, in the nort<h face of foundation wall of brick busi- 
ness building owned by Mathew Seeker, standing about 80 meters north of railroad 
track, being the center of copper bolt leaded horizontally, 3 feet from the northeast 
comer and 2 feet above the ground. Elevation, 241"^.4094. 

U. S. P. B. M. 91, at Itasca, Du Page County, Illinois, 80 meters north of track of the 
C.,M. &> St. P. R. R., and in a northeasterly direction from the depot, in the founda- 
tion wall of frame store building (east face), owned by Dr. Elijah Smith, being the 
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center of copper bolt leaded horizontally, 2 feet from the sontheaet comer. Elevation, 
219».1436. 

U. S. P. B. M. 92f at Bensenyillej Da Page Conoty, llliuois, 40 meters north of depot, 
in south side of frame store building, owned by C. A. Franz, being the center of cop- 
per bolt leaded horizontally in the stone fonndation, one foot west of the southeast 
comer and 2 feet above ground. Elevation, 213™. 6742. 

U. S. P. B. M. 93, at Mannheim, Cook County, Illinois, 250 meters northwest of the 
depot of the C, M. &, St. P. R. R. , in the south side of the base of the brick chimney at Mr. 
C. H. Bossenberg's creamery, being the center mark of copper bolt leaded horizontally 
in the middle of the chimney and 3 feet above the ground. Elevation, 204^.5069. 

U. S. P. B. M. 94, at Cragin, Cook County, Illinois, on the northeast comer of Grand 
and Armitage avenues, about 150 meters north of the line of the C, M. & St. P. R. R., in 
the east face of foundation wall of Jennings's brick saloon building, being the center 
mark of copper bolt leaded horizontally, 10 inches from the southeast corner and 4 
feet above the ground. Elevation, 194"^. 4461. 

U. S. P. B. M. 95, at Chicago, 111., on the southeast corner of Dixon street and Bloom- 
ingdale road about 20 meters southwest of crossing of the C, M. & St. P . and C. &> N. W. 
R.K.,in the west face of brick building known as L. Epps & Co.^s malt house, 6 
inches from the northwest comer and 2^ feet above the ground, being the center of a 
copper bolt leaded horizontally. Elevation, 186^.4435. 

U. S. P. B. M. 96, at Chicago, 111., on the south side of Chicago avenue at Nos. 242 
and 244, near Clark street, in police station brick buildiuK, in the north face 1 foot 
west of the northeast comer and 3^ feet above the ground, being the center mark of 
a copper bolt leaded horizontaUy. Elevation, 188™.4379. 

U. S. P. B. M. 97, at Chicago, 111., on the northeast comer of Chicago avenue and 
Pine street, in the east face of the southeast buttress of stone engine-house of the 
Chicago Water Works, in the stone water-table 18 inches north of the southeast cor- 
ner and 3 feet above the ground. Elevation, 187"^.6661. 

U. S. P. B. M. 98, at Chicago, 111., on the northwest comer of Chicago avenue and 
Pine street, in middle of the south wall of water tower, in the east end of the south 
doorsill, 3 feet above the ground, being the top of a copper bolt leaded vertically. 
Elevation, 188°'.4896. 

U. 8. P. B. M. 99, at Chicago, 111., in Illinois Central Railroad stone freight depot, 
«ituated on Goodrich street docks on the west side of slip A, opposite the Central Ele- 
vator, in east face of foundation wall 1 foot south of the northeast comer and 2^ feet 
above the ground, being the center mark of a copper bolt leaded horizontally. Eleva- 
tion, 186«.3673. 

U. S. P. B. M. 100, in Lake Michigan, on the crib of the Chicago Waterworks, on the 
top of the iron cylinder of shaft of the 5-foot tunnel, nearly of same elevation as the 
zero of the gauge, on the east side of the top of the shaft, being a cross ( x ) cut with 
cold chisel, not lettered. 

DESCRIPTIONS AND ELEVATIONS OF CHICAGO CITY BENCH-MARKS. 

The city directrix is 8.01 feet below the zero of the crib-gauge, which reads down- 
wards from the top or zero. Elevation, 182°^.8250. 

B. M. I is top of east end of stone step of private entrance to No. 161 North avenue, 
on the northwest corner of Halsted street and North avenue. Elevation, 187i".6023. 

B. M. II is stone step west comer of brick house No. 153 Division street, being the 
third lot west of Grace street. Elevation, 187™. 1148. 

B. M. Ill, water table of round-house, northeast comer of Halsted and West 
Chicago avenue, established before "the fire." Elevation, 185".8526. 

B. M. lY, extreme comer of stone sidewalk at the northeast corner of Wesson street 
and East Chicago avenue. Elevation, 187™.0355. 

B. M. YI, east end of coping of iron fence of police station on the south side of 
Chicago avenue near Clark street. Elevation, 187°^.4947. 

B. M. YII, on comer of stone water-table northwest comer of tower of St. James 
Church, at southeast corner of Cass and Huron streets. Elevation, 187°^.6217. 

B. M. YIII, corner of stone water-table^ southeast comer of Chicago Water Works 
(machine shop), east of Pine street on Chicago avenue. Elevation, 186^.8559. 

B. M. IX, north comer of iron frame of manhole to Chicago avenue shaft at Water 
Works into 7-foot tunnel, said to have been disturbed by grading sidewalk. Eleva- 
tion, 186".9567. 

DESCRIPTIONS AND ELEVATIONS OF UNITED STATES ENGINEERS, BENCH-MARKS AT 
CHICAGO, ILL., SET FROM THE CITY BRNCH-MARK YII. DESCRIPTIONS TAKEN 
FROM RECORDS IN THE OFFICE OF MAJOR W. H. H. BENYAURD, CORPS OF ENGI- 

NSSRS. 

. B. M. XI, top of spike on United States easterly breakwater in center of long timber 
and 6 inches soath of second cross-tie, counting from inner corner of breakwater. 
Elevation, 185™.2797. 
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B. M. XII, top of water-gauge chamber, middle of soath wall of box. Same as read 
in 1876-'79. Elevation, 1«5».4539. 

B. M. XIII, upper surface of lower horizontal bar (compression member) between 
the southerly pillars of light-house on the north side of the month of Chicago River. 
Elevation 1B5».6345. 

PISSCRIPTION OF PRRMANENT BENCH-MARKS OF COAST AND GEODETIC SURVBT ON 
MISSISSIPPI RIVER FROM GREENVILLE, MISSISSIPPI, TO CARROLLTON, LOUISIANA. 

B. M. 1 is on the corrugated iron door-sill of a brick building in Greenville, known 
as the bank building. It is said to be one of the oldest brick buildings in town ; the 
Levee Board has its rooms in this building, over the bank. The exact point is near 
the back side and west end of sill, 320 millimeters from front face, 55 millimeters from 
door-strip, 90 millimeters from right-hand (west) door jamb. The door is near the 
northwest comer of building, in north side. The point is not marked. Elevation, 
46°».0891. 

B. M. 2 is center of head of copper bolt 10 centimeters long and 2 ceutimeters diam- 
eter, leaded horizontally into a brick in the fourteenth tier of bricks above the water- 
sill of the large chimney of C. B. Huntingdon's gin-house near Greenville, Miss. It 
is on the side of the chimney facing the river. The gin-house stands about half a 
mile below the town and as far from the river bank. The chimney is said to be the 

U.S. 
oldest one erected for its purpose io Washington Connty. The letters Q are cut in this 
brick, as here shown. Elevation, 46°'.5836. B. M. 

B. M. 11 is top of copper bolt in top of cement post 3 feet long, set with top flosh 
with surface of ground in yard of Mr. Warfield on Highland rlantation, Warfield 
Point, Washington County, Mississippi. The cement post is north of the house, be- 
tween the line of the fence and a cotton wood tree about 4 feet in diameter, and is eight 
feet from the tree. Elevation, 45^.5590. 

B. M. 19 is the center of head of a copper bolt about 2 centimeters in diameter leaded 
horizontally into the brick chimney of the gin-house of Refuge Plantation. The chim- 
ney is cylindrical and stands about 1 mile north of Refuge Lauding and about i mile 
back j&om the chute of Inland 84. The bolt is about 3 feet above ground. Elevation^ 
46™.0042. 

B. M. 22 is the center of head of a copper bolt about 2 centimeters in diameter leaded 
into the brick foundation of Mr. Richardson's store at Refuge, Mississippi. The bolt 
is in the twenty-first tier of bricks above the water sill of the second pier from the 
levee on the northwest side of the building. Elevation, 45°^.7483. 

B. M. 33 is the center of head of a copper bolt 2 centimeters in diameter leaded hor- 
izontally into the brick foundation on the front side of the dwelling of Way^de Plan- 
tation, near the banks of Lake Lee, Washington County, Mississippi. It is in the 
fourth tier of brick below the wood sill and in the eighth tier above the ground. It 
is 0^.35 south from the south end of the porch and 0™.64 from the north end of a small 
ventilator covered with iron grating. Elevation, 43™. 1845. 

B. M. 39 is the center of head of a copper bolt 2 centimeters in diameter leaded hor- 
izontally into the north face of the large brick chimney of gin-house on Buckner's es- 
tate. Auburn Plantation, Washington County, Mississippi. The letters U. S. B. M. are 
cut in the surrounding bricks. The chimney stands about 1.5 kilometers south of the 
levee running along Lake Lee. Elevation, 42*^.3212. 

B. M. 42 is the center of head of a copper bolt leaded horizontally into the lar^e brick 
chimney of gin-house of Glenora Plantation, Washington County, Mississippi. The 
gin-house stands about a kilometer back of the levee. The letters U. S. B. M. are out 
in the surrounding bricks. Elevation, 42™. 8024. 

B. M. 46 is the center of head of a copper bolt 2 centimeters in diameter leaded hor* 
izontally into the west face of the gin-house chimney of Mr. Merit Williams on Loug- 
wood Plantation, Washington County, Mississippi. The chimney stands about 270 
meters back from the levee and about 700 meters from the river. The bench-mark is 
in the middle of the thirteenth brick above water-sill and fourth brick from south- 
west corner of chimney. Elevation, 42'".7002. 

B. M. 56 is the top of a copper bolt 2 centimeters in diameter and 20 centimeters long 
placed vertically in a cement post set in ground 100 feet east of road leading from Lake 
Washington Landing to Lake Washington and 53 feet south of levee. It is on the 
plantation owned by D. M. Hill. Elevation, 42<^.0971. 

B. M. 62 is the center of head of copper bolt 2 centimeters in diameter and 7 centi- 
meters long, leaded horizontally into the brick underpinning of dwelling house of W. 
W. Worthington, jr., just back of Leota on the Maryland Plantation, Washington 
Connty, Mississippi. The house is about 2o0 meters from the levee. The bolt is in 
center of second brick below wood-sill and sixth brick west of small ventilator. Ele- 
vation, 42'n.7541. 
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B. M, 65 is center of head of a oopper bolt leaded horizontally into a brick in front 
side of dwelling-house on Albemarle Plantation, Washington Connty, Mississippi, 
owned by Mr. H.J.Johnson. It is in the second brick below water-sill, and about 
the middle of the large brick column on the left-hand side of the entrance to the 
house. The house is about 1 mile below Leota and about 150 meters from the river. 
Elevation, 42™.9107. 

B. M. 70 is the center of head of a copper bolt leaded horizontally into the brick 
pillar at the northwest corner of the dwelling-house on Palmetto Plantation, owned 
by F. G. Kershaw, in Washington County, Mississippi. Elevation, 40'".93ll. 

B. M. 8^) is the center of head of a copper bolt leaded horizontally into second brick 
pillar north from main entrance of dwelling-house owned by Mr. Robert TurnbuU, 
on Biverdale Plantation, in Issaquena County, Mississippi. It is in third tier of bricks 
below the weatherboardiog. Elevation, 40°*. 67(15. 

B. M. 90 is the center of head of a copper bolt leaded horizontally into the front face 
of the brick pillar that supports the southwest corner of the portico of Col. H. B. 
Keep's house on Glen Annie Plantation, about 2 miles above Mayersville, in IsHaquena 
County, Mississippi. Elevation, 40^.0159. 

B. M. 95 is The center of head of copper bolt leaded horizontally into the west side 
of the brick chimney at the north end of the dwelling-house on Wade Lawn Planta- 
tion, owned by Mr. V. Preston, about one-fourth mile below Mayersville, Miss. The 
bolt is aboat 2 meters above the ground. Elevation, 40™.3005. 

B. M. 105 is the center of head of a copper bolt leaded horizontally into the brick 
chimney of gin-house on Reserve Plantation, owned by Mr. S. Duncan. The bolt is 
in the center of a brick on the west side of the chimney and about 1^ meters from the 
ground. The gin-house is about one-fourth mile from the levee, and about 3^ miles 
above Ben Lomond P. O., Issaquena County, Mississippi. Elevation, 39<".2393. 

B. M. 112 is the center of head of copper bolt leaded horizontallv into the brick 
chimney of gin-house on Ben Lomond Plantation, owned by George M. Brown. The 
gin-house is about 600 meters from the levee, and just back from Ben Lomond P. O. 
The bolt is in the center of a brick on the west side of the chimney and about one 
meter and a half from the ground. Elevation, 39™.4508. 

B. M. 124 is the center of head of copper bolt leaded horizontally into the brick 
foundation of Tallulah post-office building, better known as '*01d Tallulah Court- 
Honse," about 2 miles above Tallulah Landing, Issaquena County, Mississippi. The 
bolt is near the southeast corner of the house, and about 1 foot above the ground. 
Elevation, 37°».9932. 

B. M. 128 is the center of head of copper bolt leaded horizontally into the brick 
foundation of the dwelling-house on Lockwood Plantation, owned by R. B. Phipps. 
The house is about one-third mile above Tallulah Landing. The bolt is near the 
southeast comer of the house, in the twentieth brick from the bottom and third from 
the southeast comer. Elevation, 38™.5891. 

B. M. 137 is the center of head of copper bolt leaded horizontally into a brick pillar 
supporting the porch of dwelling-house on Elliston Plantation, owned by Mr. F. W. 
Hays, a little below Hays P. Q., Issequena County, Mississippi. The bolt is near the 
middle and top of the first pillar to the right of the steps leading up to the porch. 
Elevation, 38™.4772. 

B M. 140 is the center of head of a copper bolt leaded horizontally into brick chim- 
ney of cotton-gin on Shiloh Plantation, owned by Mr. J. W. Heath. The bolt is in 
th«' fourth brick from a row of projecting bricks, near the center of the north side of 
chimney, and about 7 feet from the ground. The letters U. S. B. M. are cut in the 
surrounding bricks. Elevation, 40". 0023. 

B. M. 150 is the center of head of a copper bolt leaded horizontally into brick chim- 
ney of dwelling-house owned by Mr. Z. Leatherman, about 4 miles below Hays's P. 
O., and about the same distance above lugomar P. C, Issaquena County, Mississippi. 
The bolt is in the second brick from the southwest edge of chimney, and about 4.5 
feet above the ground. Elevation, 38'".3523. 

B. M. 15!^ is the center of head of a copper bolt leaded horizontally into brick chim- 
ney of cotton-gin, owned by Dr. J. W. Butts, on Tennessee Plantation, about 3.5 
miles above Ingomar P. O., Ibsaquena County, Mississippi. The bolt is on the west 
side of chimney and near the southwest corner. The letters U. S. B. M. are cut in 
the surrounding bricks. Elevation, 38™. 0187. 

B. M. 161 is center of head of copper bolt leaded horizontally into brick chimney of 
a cabin on the Henderson Plantation, owned by Mrs. Emma E. Peck, in East Car- 
roll Parish, Louisiana. The cabin is about three-fourths mile from Henderson's Laud- 
ing. The bolt is in the east face of the chimney and the letters U. S. B. M. are cut in 
the surrounding bricks. Elevation, 36™.4223. 

B. M. 162 is center of head of copper bolt leaded horizontally into west face of brick 
pillar of dwelling-house owned by Mrs. Emma E. Peck, on the Henderson Plantation, 
about one-eighth mile above Henderson Landing, East Carroll Parish, Louisiana. Ele- 
vation, 37">.2306. 
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B, M. 171 is center of head of copper bolt leaded horizontally into brick chimney of 
dwelling-honse owned by Mrs. Sarah £. Natt, on Ditchley Plantation. The house is 
about one-fourth mile above Omega P. O., Madison Parish, Louisiana. Elevation, 
35°».6283. 

B. M. 179 is center of head of copper bolt leaded horizontally into brick fonndatiou 
of dwelling-house owned by Mr. H. P. Morancy, on English Field Plantation, Madi- 
son Parish, Louisiana. The bolt is in the sixth brick from the top of the foundation 
and in the third from the northwest corner. The house is about three-fourths mUe 
above Milliken's Bend and about a half mile from the river. Elevation, 35™.92&3. 

B. M. 184 is center of head of copper bolt leaded horizontally into brick pillar sup- 
porting northeast corner of porch of dwelling-house owned by the Citizens' Bank of 
Louisiana, on River View Plantation, Madison Parish, Louisiana. The house is about 
one and one-fourth miles below Milliken's Bend, and about one-fourth mile from river. 
Elevation, 34".9761. 

B. M. 188 is center of head of copper bolt leaded horizontally into east face of brick 

Sillar supporting northeast comer of dwelling on Cabin Teele Plantation, owned by 
[rs. L. K. Marshall. The house is about three and one-fourth miles below Milliken's 
Bend, and a half mile from the river. Elevation, 36™.2719. 

B. M. 197 is center of head of copper bolt leaded horizontally in center of face of 
middle brick of third course from top, of third pillar from northeast corner of porch 
of dwelling-house on Duck Port Plantation, Maaison Parish, Louisiana, owned by Mr. 
G. L. Barrey. Elevation, 35™.8365. 

B. M. 207 is ceuter of head of copper bolt leaded horizontally in the south chimney 
of dwelling-house on Echo Plantation, Madison Parish, Louisiana, owned by Mattingly 
and Flowerce. The bolt is in the third brick from the southeast corner and in the 
twenty-first course from the ground. Elevation, 35"^.9dl3. 

B. M. 211 is center of head of copper bolt leaded horizontally in center of face of 
middle brick of eighth course from the ground of second pillar from southeast comer 
of porch of dwelling-house owned by Goodman and Bradford, on Willow Glen Plan- 
tation, Madison Parish, Louisiana. Elevation, 33™.9698. 

B. M. 215 is the end of the vertical ray of a five-rayed cast-iron star on the south 
end of parish clerk's office, a brick building near the court-house in Delta, Madison 
Parish, Louisiana. The star is a tie-rod plate, and is about 4 feet from the ground, 
and three feet from the southeast comer of the building. Elevation, 34™.08:^. 

B. M. 225 is center of head of copper bolt leaded horizontally in center of face of 
middle brick of tenth course from theground, of second pillar from southeast corner 
of dwelling-honse owned by Mr. G. W. Bedford, on Point Place Plantation, Madison 
Parish, Louisiana. The house is about three-fourths mile from the river and opposite 
Warrenton, Miss. Elevation, 33™.9^02. 

B. M. 232 is the center of head of copper bolt leaded horizontally in east chimney 
of dwelling-house owned by Mr. Orange Christmas, on Crystal Springs Plantation, 
Madison Parish, Louisiana. The brick is the second from the southeast edge of chim- 
ney and is in the twelfth course from the ground. The house is about 4 miles below 
Warrenton, Miss., and about 2 miles from tne Mississippi River. Elevation, 32™.9195. 

B. M. 243 is center of head of copper bolt leaded horizontally in the middle of south 
face of southeast chimney, 15 inches from the ground, of Kelloge's P. O. building, 
Madison Parish, Louisiana. The building is owned by W. D. White of Kentucky 
and is about 400 meters from the river. Elevation, 33™.1167. 

B. M. 246 is top of a copper bolt in top of cement post 3 feet long and 8 inches in 
diameter, set in tJie ground on Sargent's Point Plantation, Madison Parish, Louisiana, 
owned by Mrs. Rachel Wilkinson. The cement post was sot with top flush with sur- 
face of ground, and is about 600 meters from the river. It is near some cabins around 
which are water-oak and pecan trees. Two of the water-oaks, 11.2 and 10.5 meters 
distant from the bench-mark, were marked with triangular blazes. Elevation, 
32«».3:i26. 

B. M. 258 is center of head of copper bolt leaded horizontally in a brick about 4 
feet from the ground and about the middle of the north face of the north chimney of 
dwelling owned by Mr. George W. Turner, on Point Pleasant Plantation, Tensas Parish, 
Louisiana. The house is about one- third mile from the river. Elevation, 32"^.9677. 

B. M. 262 is center of head of copper bolt leaded horizontally in center of face of 
middle brick of the twelfth course from the foundation in the south face of the east 
chimney of dwelling owned by Mr. E. Loyd, on Riverside Plantation, Tensas Parish, 
Louisiana. The house is about one-half mile from the river. Elevation, 31^.6104. 

B. M. 272 is top of copper bolt in top of cement block 18 inches long and 8 inches 
in diameter set in ground on Hard Times Landing, Tensas Parish, Louisiana, owned 
by Mrs. G. H. Hoi lings worth. It is about 600 meters from the Mississippi River, 
about 50 meters from the bank of Lake St. Joseph, and near a cabin. Elevation, 30™. 
3201. 

B. M. 280 is center of head of copper bolt leaded horizontally in center of face of 
middle brick of tenth course from the foundation, in the southeast face of brick chim- 
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ney of giu-bonse on Wayeland Plantation, Tensas Parish, Lonisiana, owned by Mr. 
Jonn Bondorant. Tbe gin-house is about 500 meters from the bank of the river and 
about 8 kilometers above St. Joseph, La. Elevation, 30™.0533. 

B. M. 286 is center of head of copper bolt leaded horizontally in center of face of 
fourth brick from northeast corner, twenty-third course from ground, of brick chimney 
of gin-house on Panola Plantation, owned by J. M. Oillespie. It is about 2 kilometers 
above St. Joseph, La., and about 1 kilometer from the riyer. Elevation, 31™. 11 15. 

B. M. 291 is center of head of copper bolt leaded horizontally in north face of brick 
chimney of ^in-honse on Duck Pond Plantation, owned by Captain Robert Worrell. 
The bolt is m fifth brick from the northeast edge of chimney and in the seventh course 
below the projecting course. The gin-house is about 2 kilometers below St. Joseph 
and about 500 meters back from St. Joseph Landing. Elevation, 29'".3873. 

B. M. 297, or LXXIII, is a marble post buried in the ground on the left of, and quite 
near, the steps leading to the front entrance of Captain £. L. Whitney's residence on 
Villa Clara Plantation, Tensas Parish, Louisiana; Bieller's Landing is on Villa Clara 
Plantation. The post is 5 inches square and 2 feet 6 inches long, and the top is marked 
thus: 

U.S. 
B. o M. The bottom of the cavity was used as the bench-mark. Elevation, 27™.8439 

1881. 

B. M. LXXII is bottom of cavity in top of marble post, 5 inches square and 2.5 feet 
long, buried in the ground on the right and near the front entrance of Mr. W. H. Gold- 
man's residence on Stockridge Plantation, at Kemp's Landing, Tensas Parish, Louis- 
iana. Elevation, 28i°.3007. 

B. M. LXXI is bottom of cavity in top of marble post, 5 inches square and 2.5 feet 
long, buried in the yard on the left of, and quite near, the steps leading to the front 
entrance of Mr. A P. Martin's residence at Water Proof, Tensas Parish, Louisiana. 
Elevation, 26i°.6946. 

B. M. LXX is a cross cut on the top surface of an old cistern which is in an open 
field about 3 miles below the town of Water Proof, La. The cistern is about 50 meters 
from the main levee and 190 meters from junction of main and old levees, marked 
with the letters U. S. B. M., 1881. Elevation, 26^.8774. 

B. M. LXIX is the head of copper tack in cedar stub which marks the center of 
triangiilation station Duncan, just above L' Argent, Tensas Parish, Louisiana. Ele- 
vation, 28".0397. 

B. M. LXVIII is a cross cut on top of cistern in yard of house on Agnasea Planta- 
tion, about one-half mile below L' Argent Landing. The bench-mark is on west side 
of top of cistern, marked with the letters U. S. B. M. Elevation, 27^.3280. 

B. M. LXVII is bottom of cavity in top of marble post buried in the ground within 
the inclosnre on the right of Stanton &, Brandon's Store, and near the corner of the 
store at Gibson's Landing, Concordia Parish, Louisiana. Tho top of the post is about 

4 inches above ground. Elevation, 26'".3175. 

B. M. LXVI is bottom of cavity in top of marble post buried in the ground on the 
right of, and quite near, the steps leading to the front entrance of Mr. E. W. Walls' 
residence at Bullit's Bayou (Oood Hope) Landing. The top of the post projects 4 
inches above the ground. Elevation, 25^^.8329. 

B. M. LXV is bottom of cavity in top of marble post buried in levee opposite an old 
brick wall about 4.5 miles above Vldalia, La. The post is 11 meters south of a lone 
tree and 10 meters south of the brick wall, and its top projects 4 inches above ground. 
Elevation, 27™.0146 

B. M. LXIV is cross cut in top of iron screw pile marking trian^ulation station Palo 
Alto, about one mile north of Vidalia, La. It is on the west side of the road and 
about 250 meters from ifc. Elevation, 25°>.9332. 

B. M. LXIII is top of copper bolt in center of top of monument marking southeast end 
ot the Vidalia base line. The monument is in a lot immediately back of the court- 
house and jail at Vidalia, is 14 inches square at top, and projects 14 inches above 
ground. Elevation, 24^.8472. 

B. M. LXIl is bottom of cavity in top of marble post buried in the ground near 
steps leading to the Iront entrance of Judge W. H. Hough's residence in Vidalia, La. 
The post is on the right of the steps and its top is about 4 inches above ground. Ele- 
vation, 25°».4965. 

B. M. LXI is cross cut in top of iron screw pile marking triangulation station Gai- 
ther. It is about one mile below Vidalia, in an open field and on right-hand side of 
road leading to Vidalia. Elevation, 24'".9452. 

B. M. LX is bottom of cavity in top of marble post buried in the ground on the right 
of, and quite near, the steps leading to the front entrance of Mr. Abner Crother's resi- 
dence on Moro Plantation, about 9.75 miles below Vidalia. The top of post is about 

5 inches above ground. Elevation, 25^.7543 . 

B. M. LVIII is center of top of granite post maiking triangnlation station Ashley, 
on Ashley Plantation, Concordia Parish, LK)uisana. It is about 2 miles below Morville 
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LaDdiDg is 300 meters south of Willow Grove, 160 meters east of levee, and 15 meters 
from river. Elevation, 2^.6927. 

B. M. LYII is bottom of cavity in top of marble post bnried in ground jnst east of 
steps leading to front entrance of residence on Deer Park Plantation, owned by Mr. 
A. D. Rawlings. The top of the post is about 3 inches above ground. The house is 
about one-fourth mile from the river, south of the main road leading to Yidalia, and 
about 24 miles below Yidalia. Elevation, 24>".2349. 

B. M. LYI is center of top of limestone post marking triangnlation station Pecan, 
on Pecan Plantation, owned by Mr. Sargent Shields, Concordia Parish, Louisiana. The 
station stands 30 meters from the bank on the top of the State levee running across 
Esperance I'oint. A small levee starts out to the west 4 meters to the north of the 
station. It is 50 meters south of where road crosses main levee. Elevation, 25™.0699. 

B. M. LY is top of marble post buried iu the ground to the right of the steps lead- 
ing to the front entrance of the residence on Braleston Plantation, near Fairview P. C, 
Louisiana. The top of stone is about 3 inches above ground. Elevation, 23"*.3177. 

B. M. LIY is top of granite post bnried in the ground on the left of the steps lead- 
ngto the front entrance of Mr. William G. Walton's residence on Ashland Plantation 
near Bougere P. 0., Louisiana. The top of stone is about 3 inches above|ground. Ele- 
vation, 23°».5622. 

B. M. LIII is top of granite po8t buried in the ground to the right of the steps lead- 
ing to the east entrance of Mr. Ed. Pullen's residence, at Black Hawk P. O. , Louisiana. 
The top of post is about .! inches above ground. Elevation, 22™. 1282. 

B. M. LII is cut in the brick top of cistern used to supply with water the engine of 
gin-house on Ballamagan Plantation, Concordia Parish, Louisiana. The cistern is 
quite near, and on the right of road leading from Point Breeze to Black Hawk, and is 

U.S. 
about 3 miles from the latter place. The B. M. is marked thus: B. o M. Elevation, 

LII. 
23".3903. 

B. M. LI is top of copper bolt in top of stone monument marking the northeast 
end of Lum's Point base line on Point Breeze Plantation, Louisiana, owned by Mr. 
Trager. Elevation, 22'n.3926. 

B. M. L is top of copper bolt in top of stone monument marking the southwest 
end of Lum*s Point base line, in Concordia Parish, Louisiana, nearly opposite Fort 
Adams, Miss. The bench-mark is on the place owned by Mr. Lum, of Yicksbnrg, 
and occupied by Mr. A. A. Cox. It is on the west side of a farm road in a cultivated 
field and very near a gate. Elevation, 22^.3519. 

B. M. XLIX is a granite post bnried at the southwest corner of the house of Mr. 
J. R. Mathews, just above the corners at the upper end of the village of Fort Adams, 
Wilkinson County, Mississippi. Elevation, 27°".0271. 

B. M. XLYIII is a granite post buried at the southeast comer of the store of Leh- 
mann and Lauen burgh, back of an old cotton-gin a short distance above Clarksyiile 
Landing, Wilkinson County, Mississippi. The store is at the point wheie the road 
from Fort Adams, after crossing the hills, comes out on the low plateau extending to - 
the river. Elevation, 30™. 1924. 

B. M. XLYIJ is a granite post placed close to the back fence of the yard around 
dwelling on Tarbert Plantation, Wilkinson County, Mississippi. The plantation lies 
between Angola and Langside Plantations, extends beyond the State line, and is 
owned by Mr. Jenkins, of Natchez. Elevation, 21™.3066. 

B. M. XLYI is cut on top of the circular wall forming the mouth of a cistern, just 
back of house on Angola Plantation, West Feliciana Pariso, Louisiana. It is nearly op- 
posite mouth of Red River. The brick work is covered with cement, through which 
a square aperture was cut, exposing the upper surface of the brick. This brick 
surface was used as the bench mark. Elevation, 22™.5666. 

B. M. XLY is a granite post placed in the yard of Mr. Archie Smith, near Hog Point 
Landing, Smithland P. C, Point Cgupee Parish, Louisiana. Elevation, 20'^.9ti32. 

B. M. XLIY is a granite post placed just beside the front steps of Dr. A. A. Batch- 
dor's house, on Belle Yista Plantation, on Old River, Point Couple Parish, Louisiana. 
Elevation, 19™.9110. 

B. M. XLIII is a granite post in front of house of Mr. Edgard Lacour, close to Rao- 
courci Landing, Point Coupee Parish, Louisiana. Elevation, 17™.9799. 

B. M. XLI1 18 top of granite post buried with top 3 inches below surface of ground, 
at the junction of the " Grand Levee" and a branch levee running to Morganza Land- 
ing. It is about half a mile below Morganza. Elevation, 20^.4780. 

B. M. XLI is a granite post placed beside the front steps of house on Morrison Plan- 
tation, Point Coupee Parish, Louisiana. Elevation, 18™.4308. 

B. M. XL is a granite post placed by the side of the front steps of house on Poydras 
Plantation, Point Coupee Parish, Louisiana. It is about half a mile above the *' New 
Road'' leading to the Court House at False River. This part of the parish- is known 
as the " Point Coupee Settlement." Elevation, 17^.5072. 
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B. M. XXXIX is top of copper bolt in limestone monnment at the northwest end of 
hase line directly opposite Bayou Sara, Louisiana. Elevation, 18™.0263. 

B. M. XXXVIII is top of copper bolt in limestone monument marking southeast 
end of base line nearly opposite Bayou Sara, Louisiana. Elevation, 18"^. 1595. 

B. M. XXXVII 16 upper edge of a mark cut on the front of the " Saint Claude Store " 
at Waterloo, Point Coupee Parish, Louisiana. The store is built of brick and belongs 
to Mr. Robin. The bench-mark is nearly on the middle line of the front and is 5.44 
feet above the ground. Elevation, 19™.8775. 

B. M. XXXVI is a granite post placed in front of the house of Mr. C. Devall, Sans 
8ouci Plantation, West Baton Rouge Parish, Louisiana. The house fronts on a 
bayon, the remains of the old river channel, and is on the road leading directly back 
from Hermitage Landing. Elevation, 17'". 6413. 

B. M. XXXV is a granite post placed in the back corner of the inclosure around the 
" Kelson Store," owned by Capt. John J. Brown, West Baton Rouge Parish, Louisiana. 
The store is opposite the upper part of Profit Island. Elevation, 16™. 6859. 

B. M. XXXIV is a granite post in front of the house of Mr. B. Chamberlain, jr., and 
is about a half a mile above Lobdell's Store, at Grossman's Landing, West Baton Rouge 
Parish, Louisiana. Elevation, 15".7861. 

B. M. XXXIII is a granite post buried in front of the pillar at the northwest corner 
of house of Mr. A. Guesnard, Belmont Plantation, West Baton Rouge Parish, Louis- 
iana. Elevation, 15n».53'22. 

B. M. XXXII is a granite post buried in the flower garden in front of house on plan- 
tation of Mr. J. H. Gay, West Baton Rouge Parish, Louisiana. The plantation is 
directly opposite the city of Baton Rouge, and just below the ferry landing. Eleva- 
tion, 14^.8454. 

B. M. XXXI is a bench-mark of the U. S. Engineers. It is the edge of one of the 
foundation courses of the tower on the north side of the western entrance to the State- 
house at Baton Ronge, Louisiana. It is marked, U. S. E. Elevation, 15™. 1920. 

B. M. XXX is the surface of the limestone monunieut at the north end of Baton 
Rouge base line. It is situated in a cane-field belonging to Messrs. Weeks and Mc- 
CuUan. 700 meters south of Baton Rouge city limits, and 97 meters from river road. 
Elevation, 

B. M. XXIX is a point surrounded by a shallow groove upon the top of the lime- 
atone monument at the south end of Baton Rouge base line. It is 1,622 meters from 
North Base, is between the river road and the levee, is 42 feet from angle of levee and 
29.7 feet from corner of fence. Elevation, 14™. 7455. 

B. M. XXVIII is a granite post placed in the front yard, close to an old brick pier, 
of house on Arlington Plantation, East Baton Rouge Parish, Louisiana. The planta- 
tion is 4 miles below Baton Rouge, and belongs to Mr. Shannon. Elevation, 15™.5313. 

B. M. XXVII is a granite post buried close to the front gate of inner yard about 
Mr. Conrad's house on Cottage Plantation, about 8 miles below Baton Rouge, Louis- 
iana. Elevation, 15™.6911. 

B. M. XXVI is a granite post, 8 meters from fence at side of road and on the line of 
a row of old fig trees, 23 meters east of house on Hollywood Plantation, East Baton 
Rouge Parish, Louisiana. The house is 12 miles below Baton Rouge, half a mile 
above Manchac P. C, and belongs to Mr. H. Vonpuhl. Elevation, 15™.3510. 

B. M. XXV is a granite post in the northeast corner of the yard of Mr. Walter Hum- 
ble, on Anger's Plantation, Iberville Parish, Louisiana. The house is about 5 miles 
above Plaquemiue, is a short distance west of the road which runs across the point to 
Forlorn Hope P. O. Elevation, 14™7924. 

B. M. XXIV is a granite post near the corner of the yard, about house of Mr. Daigre, 
the overseer of Anger's Plantation, Iberville Parish, Louisiana. The house is the 
second one below Forlorn Hope P. C, and just above a bend in the road. Elevation, 
14™.2470. 

B. M. XXIII is a granite post in the front yard of Julian Grassin, next to Saint 
Gabriel's church. Saint Gabriel, La. The plantation formerly belonged to Dr. Pritch- 
ard, and is 4 or 5 miles above Bayou Goula. Elevation, 13™.3389. 

B. M. XXII is a granite post buried in yard on plantation of Leach, Seaward and 
Thompson, about a mile above Bayou Goula, and on opposite side of river. The house 
is a low frame building, and there is a pumping-engine on the levee about 200 yards 
above the house. Elevation, 14™. 2773. 

B. M. XXI is a granite post buried near anscle formed by a wing and central portion 
of house owned by Mrs. Buddington, on Indian Camp Plantation, Iberville Parish, 
Louisiana. Elevation, 14™.4248. 

B. M. XX is a point on the upper surface of the projecting brick foundation running 
around the house, on South wood Plantation, formerly called Hard Times, at the ex- 
treme upper end of Ascension Parish, Louisiana. A square opening was cut through 
the stucco covering so as to allow the rods to rest upon the brick. The bench-mark is 
marked with the letters U. S. B. M. and the date 1880. Elevation 13™.5083. 

B. M. XIX is a cross-cut on the head of an iron bolt in the north end of the brick 

H. Ex. 64 10* 
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warehouse at Ashland Landing, Ascension Parish, Louisiana. The bolt is 4.8 feet 
above the ground, and Ih in the middle of the wall. The bench-mark is marked by the 
letters U. S. B. M. XIX, 1880, cut in the wall. Elevation, 15°'.7964. 

B. M. XYIII is a granite post buried in the front yard of Mr. Y. P. Mirre, Ascension 
Parish, Louisiana. Tht^ place is about 4 miles above Donaldson ville, and formerly 
belonged to E. Dicharvy. Elevation, 12™. 3999. 

B. M. XVII is a granite post buried in yard at side of house of Mr. Heath on left 
bank of river about a mile above Donaldson ville. La. Elevation, 12"^.9014. 

B. M. XVI is point surrounded by a groove forming a small square on limestone slab 
at side of front steps of Mr. Hagan's house, about 6 miles below Donaldsonville. It 
is marked with the letters U. S. B. M. Elevation, 13"'.8985. 

B. M. XY is on the comer of the stone pedestal of a pillar by the side of the en- 
trance to the house of Mr. Colomb, Saint James Parish, Louisiana. The point on which 
the rods were held is surrounded by a groove cut in the stone, and is marked by the 
letters U. S. B. M. XV. Elevation, 13'».4721. 

B. M. XI Y is the bottom of a shallow square cavity cut in the granite step of the 
jBOuth door on the front or west side of the Convent of the Sacred Heart, Saint James 
Parish, Louisiana. The bench-mark is marked with the letters U. S. B. M. Eleva- 
tion, 13".6700. 

B. M. XIII is a horizontal line cut in the iron post on the south side of the gate- 
way in front of Jefferson College, on College Point just below the settlement known 
as Saint Michaeltown, Saint James Parish, Louisiana. The post was marked with 
the letters XIII, U. S. B. M. LXXX. Elevation, 14™.2580. 

B. M. XII is bottom of a square cavity cut in the cement pedestal of the column at 
the southwest corner of house of Mr. LouisJ^ebourgeois on Belmont Plantation, Saint 
James Parish, Louisiana. It is marked with the letters U. S. B. M. Elevation, 
12^.1979. 

B. M. XI is upper edge of triangular groove cut in west side of small pier supporting 
the southwest corner of a wooden warehouse which stands upon the levee nearly in 
firont of house of Mr. Wallis on Belle Alliance Plantation, Saint James Parish, Louis- 
iana. The center of the line is 4.2 feet above a projecting foot-course, and 1.3 feet 
from the outer comer of the pier. It is marked by the letters U. S. B. M. 1880 IX. 
Elevation 13".3741. 

B. M. X is a point surrounded by a groove cut in the upper surface of the granite 
sill at the foot of the iron stairway in front of house of Mr. Joseph Lebourgeois, on 
Mount Aii-y: Plantation, Saint John Baptist Parish, Louisiana. It is marked by the 
letters U. S. B. M. 1880. Elevation, lin».8547. 

B. M. IX is upper edge of horizontal groove cut in the west wall at the southwest 
corner of store on Terre Haute Plantation, Saint John Baptist Parish, Louisiana. 
The groove is 5.15 feet above the ground, and 0.32 feet from the edge of the brick wall. 
It is marked by the letters IX U. S. B. M. 1880. The plantation is just above the 
settlement at Bonnet Carr6, and belongs to Mr. James W. Godberry. Elevation, 
13".0218. 

B. M. VIII is the head of a long iron bolt in a cement post in the yard of Mr. Adam 
Lasseigne, just above the post-office at Bonuet Carr6, La. Elevation, 11°^.2570. 

B. M. VII is the head of an iron bolt in a cement post at the foot of a large pecan- 
tree in front of houHC on estate of Mr. Ambruster, Saint Charles Parish, Louisiana. 
It is about a half mile below the Gypsy Plantation, owned by Mr. Labranche, which, 
is at the bend of the river below Bonnet Carr6 Crevasse. The hole above the bench- 
mark was tilled with broken bricks, and covered over with earth. It is 1.7 and 1.9 
feet, respectively, from two nails driven in projecting roots of the tree. Elevation, 
11°».1901. 

B. M. VI is the upper surface of the square pedestal of the pillar on the eastern side 
of the front steps of Mr. Leon Sarpy's house, on Prospect Plantation, Saint Charles 
Parish, Louisiana, and nearly opposite Hahnville. The pedestal is of brick, covered 
with hard stucco. The point on which the rods where held is surrounded by a groove 
forming a square, and the letters U. S. B. M. 1880, are cut on the surface. Elevation, 
10^.5504. 

B. M. V is the surface of the stone sill of the footway on the western side of the main 
entrance to Destr^ban Plantation, owned by Judge Rost, Saint Charles Parish, Louis- 
iana. The point on the stone on which the rods were held is surrounded by a groove 
cut in the stone, and marked by the letters U. S. B. M. Elevation, 11™. 1258. 

B; M. IV is the head of an iron bolt imbedded in a cement post on the levee about 4 
miles above Kennerville, and nearly in front of the house of Norbert Longue. It is 
9.4 feet from the second and 11 feet from the third tree from the road on the east 
side of the avenue leading to the river. Elevation, 11™.6957. 

B. M. Ill is the bottom of a square depression in the top of a granite block buried 
in the yard of Dr. Gustine at Kennerville, Jefferson Parish, Louisiana. The stone ia 
96 meters in front of the house, and 3.5 meters from a date palm, and is marked with 
the letters U. S. B. M. Elevation, 9n».6899. 
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B. M. II is the bottom of a slight depression in the upper surface of a cement post 
on the inner levee in front of Mr. Soniat's house at Twelve Mile Point, 5 miles above 
Carrolltont La. It is 24 paces above the corner of the road, and 25 paces below the 
gateway. The top of the post is marked with the letters U. S. B. M. 18tt0. Eleva- 
tion, 11".9489. 

B. M. I is the intersection of two cross lines cut on the iron sill of a door at the 
northwest corner of the depot at Carroll ton, La. It is marked with the letters U. S. 
C. S. B. M. 1875. Elevation, 9'°.0272. 
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REPORTS OP CHIEFS OF PARTIES UPON FIELD WORK OF TOPOGRAPHY AND HTDROG« 

RAPHY, 1883-^84. 

1. — Report of Assistant Engineer J, A. Ockerson, Randolph Point to Frame^s Chute^ and 

CamphelVs Landing to Saint Louis Landing, 

Office Mississippi River Commission, 

Saini Louis, Mo,j September 1, 1884. 

Sir : I have the honor to make the following report on the field work done under 
my direction during the season of 1883-'84. Accompanying this report are also the 
results of investigations concerning sliding banks, changes in the bank-line and sec- 
tion of the Mississippi River between Cairo and Saint Louis Landing, and data con- 
cerning the relative elevations of old river banks and those of later formation. 

In accordance with your instructions to proceed to Randolph Point to continue the 
survey of the Mississippi River, the party left Saint Louis on October 10, 1883, for 
Cairo, where the quarter-boats were in readiness to receive them. The organization 
was as follows : J. A. Ockerson, chief of party ; topographers, C. W. Clark, N. B. Craig, 
J. C. Quintus, H. P. Ritter, F. Felkel, and F. B. French; hydrographers, B. H. Colby 
and J.N. Allison; levelers, I. O. Walker and C. Brainard; plotting and computing, 
E. J. JoUey; a launch crew of 3; galley crew, 6; leadsmen, 2; rodmen, 8; boatmen 
and axmen, 20. 

The supplies had already been delivered on board, and on the arrival of the parties 
the boats were taken in tow by the steamer Patrol and reached Randolph Point on 
the 15th of October. The topographers began work immediately. 

The instructions required that the work of 1879-^80 should be utilized as far as 
practicable. But little use could be made of it as the survey was done at a high- water 
atuge. The triangulation and levels were, of course, available. 

The reach from Randolph Point to head of Frame's Chute was completed on October 
30, and after taking on coal at Memphis the party moved down to Campbell's Land- 
ing to resume the survey where the work under General Comstock closed in 1878. 
Work began at this point on November 1, and was completed to Saint Louis Landing 
on December 28. 

The survey embraces, outside of the usaal mile limit, the Saint Francis River from 
a point opposite Dupries Landing to the month, a distance of about 18 miles, McKinney 
Bayou, and the following lakes: Beaver Dam, Flower, Porter, Eagle, Moon, Mud, and 
Horseshoe. The bluff line was also located from near the mouth of the L'Anguille to 
about 4 miles below Helena, and from the Loosa Hatchie River to a point opposite 
the head of Island 40. 

The season throughout was unusually good both as to stage of river and weather. 
Out of the sixty three working days the party was in the field, there were only three 
rainy days, on which no field work was done. 

On the completion of the survey to Saint Louis Landing, where it closed on the work 
of 18dl, the party was disbanded. 

The steamer Piitrol arrived on the day the work was finished, and on the day fol- 
lowing the quarter-boats were taken in tow for Memphis. 

The accuracy and progress of the work must be largely credited to the fidelity and 
industry of the assistants. 

The following tabulated statement shows in detail the amount of work done : 

Number of miles of river surveyed 92 

Number of square miles of topography 227 

Number of square miles of hydrography ^ 64 

Number of soundings 15, 064 

Number of sextant angles read 14,708 

Number of working days 63 

Average number of miles of river per month 37 

Average number of square miles of topography and hydrography per month. . 117 
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DEPOSITS MADE BY THE RECENT FLOODS. 

Id some places the deposits have been quite heavy. On both sides of the river 
above Frame's Chute, even on the high bank, there has been a deposit of several inches 
since the survej' of 1877-^78. On the lower lands the deposit amounts to 5 feet in 
some cases. These deposits sometimes consist of pure sand, which ruins cultivated 
lands and even kills the trees. One curions effect of the deposit was noticed on trian- 
gnlation lines which were cut through young cottonwoods and willows 3 inches in 
diameter and upwards. The stumps, which were from 1 to 3 feet high, have been cov- 
ered with the deposit, and the-ftiHen trees either washed away or covered up, so that 
now the line is left intact and smooth. 

There is not so much as a weed in it, and all evidences of the cutting except the 
opening have disappeared. 

There are numerous places where no deposits have been made, although the condi- 
tions are apparently the same as where there are heavy deposits. The first surveys 
are so meager in detail that a satisfactory comparison concerning deposits in general 
oauuot be made. 

Teposits of gravel have been noticed on the highest lands. This may hav® come 
from the logs and trees floated from the bars by the rising river. The heavy sand 
deposits noted must have been carried in suspension and dropped where the velocity 
was diminished by the water leaving the channel. 

STABILITY OF STONE LINE BENCH-MARKS. 

Nearly all of the bench-marks were found intact after having stood the tests of the 
floods for three years. Some of them were covered to a depth of several inches by 
deposits of silt and sand. As a rule the inhabitants do not molest them. Occasion- 
ally a fisherman in need of sinkers digs them up, and after breaking them into suita- 
ble sizes ties the i)iet'e8 to his net. One was found with the lead and copper bolt dug 
out. The surface marks were not frequent nor conspicuous enough. 

It is very important to have numerous surface marks or the bench-marks will be 
lost in consequence of changes in bank line, clearing off or growing up of timber, and 
deposits of silt. 

I would here call attention to the advisability of limiting the number of bench- 
marks in the same locality. It has been thef custom of each party sent out for high- 
water slope, low- water slope, &c., to establish independent bench-marks. Hence it 
frequently happens that within a radius of a few hundred meters may be found P. B. 
Ms., B. Ms., B. M. L., B. M. E., &c. After the value of one has been well determined 
it should be used. A multiplicity of bench-marks in the same vicinity must ultimately 
result in confusion, while there is no good reason apparent why every new party sent 
to the field should have a separate and exclusive series of benches. 

NARROW CHANNEL. 

Just below Mhoon Lake Landing the river becomes very narrow in consequence of 
the sand-bar pushing far over into the bend. The width between shore lines at a 
stage about 6 feet above low water is only 290 meters. The maximum depth in the 
narrowest part is about 65 feet. 

SLIDING BANKS. 

In Old Town and Montezuma bends are two peculiar cases of sliding bank, where 
the land settles down bodily, leaving the trees upright, where they act as a natural 
revetment and remain a long time before being washed away. Plats of these two 
localities are submitted herewith, which show these bends and sections of same. The 
slide in Old Town Bend extends, from a point three-fourths of a mile above the landing, 
down-stream for a distance of about 2^^ miles. Near the lower end the slide reaches 
a width of 300 feet. The disintegration seems to be very slow after the ground set- 
tles. The survey of February, 1881, shows the outer line of trees in the same position 
as given by the survey of December, 1883, for more than half the length of the slide. 
Near the lower end the caving amounts to about 30 meters per year. The deepest 
part of the channel runs very close to the submerged trees. 

The soil of the adjacent bank is a tough alluvial clay covered with a growth of 
heavy timber. The presence of cypress, and the low land, indicate that it was form- 
erly a swamp or lake, or it may have been the bed of the river at some remote period. 
The water in the bayou and lake back is some 10 feet higher than low water in the 
river. 

In Montezuma Bend there is a slide about half a mile long and 100 feet wide in the 
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broadest part. The shore-line ia the apex of the bend has receded about 20 meters a 
year since the survey of 1878. The banks consist of layers of clay and sand. They 
are formed by deposits in the old river-bed after the cut-off at Mhoon Lake. The old 
river bank was undoubtedly near where the levee is now located. Ife will be observed 
that a pond lies parallel to the shore-line for the entire length of the slide. The water 
In the pond Hes several feet higher than the ordinary water surface in the river. 

It is probable that these slides are due to the washing out of the sand layers by the 
river, aided very largely by the water in the ponds near by. The latter lying so far 
above the river play an important part in the destruction of the banks. 

This is probably the reason why the banks cave more rapidly when the river is be- 
low the mediam stage and falling rapidly. This is especially the case with banks 
composed wholly or partly of clay ; sandy banks cave at all stages. 

In order to ascertain how far the influence of surface water extends, 66 cases of 
caving banks between Memphis and Natchez have been examined in detail, with the 
following results : In 25 cases where there is rapid caving, there is more or less stand- 
ing water near the river. The banks in these cases are generally more sandy and 
friable than the two cases above noted, which probably accounts for their caving in 
smaller fragments. 

The other cases are generally traceable to obstructions in the channel which forces 
the current against the bank, or to the loose sandy nature of some of the banks. 

STABLE BANKS. 

There are bends where the banks are quite stable, and in some of these cases the 
shape of the channel is such that caving would naturally be expected. Between Isl- 
and No. 1 and Island No. 10 we find "Iron Banks" and *' Chalk Bluffs" where the 
river is held by the bluffs. In the bend below Hickman the caving is slight. The 
bank is composed of layers of clay separated by sand. For 3 miles the main current 
is kept out from the bank, probably by underlying rocks or clay lumps. Below James 
Bayou the bank is very largely clay and caves slowly. 

In the next available reach, which is between Caruthersville and Frame's Chute, the 
bend above Booth's Point is found to be quite stable. The bank is said to be mostly 
blue clay. 

Opposite Island No. 18 the bank is clay and sand, but a bar keeps the current away 
from the bank and it caves but little. Chickasaw Bluff No. 2, near the whirlpool, caves 
slowly. In the bend opposite Island No. 40 there has been but little caving. A bar 
has formed which is attached to the concave bank. 

Above the mouth of the Saint Francis River the bank is mostly clay. For 2^ miles 
the current follows the bank closely and yet the caving is slight. One point in par- 
ticular which juts out some 50 feet from the bank and is not more than 10 feet wide 
on top has stood the wear of the current for several years. It was noticed in the sur- 
vey of 1878 and has changed but little since then. 

The pertinacity with which deep indentations in the banks remain for years in the 
same locality Is as remarkable as the stabilit/ of the clay points. Cases have been 
noticed where they have existed for several years, although the entire bank-line has 
receded over 1,000 feet. 

ELEVATIONS OF PRESENT RIVER BANKS AS COMPARED WITH BANKS OF CUT-OFF LAKES. 

It is frequently stated that the banks of the old river lakes are higher than the 
present river banks. It is generally conceded that the banks of alluvial streams reach 
an elevation equal to the plane of mean high water. 

If the first proposition is true, then the floods which deposited these old river banks, 
dating back many years prior to the settlement of the Mississippi Valley, must have 
been higher than those of recent years of which we have authentic records. 

This does not accord with the theory that cutting down the forests, bringing the 
land under cultivation and confining the river between levees, all tend to increase the 
flood heights. 

It is to throw some light on these questions that an examination has been made of 
all cases where the elevations of the. old river banks were determined by the recent 
surveys. 

The eleyations are generally reliable to the nearest foot. They were determined by 
vertical angles, read forward and back with a transit. If the elevations were more 
numerous, the comparisons would of course be more satisfactory. 

The distance given in the following descrintions are measured from the present' 
river bank to the farthest point in the old river lake. Maps of eight old lakes and 
adjacent river have been reduced and are submitted herewith. 

They show the elevations in feet above the Memphis datum plane. 

Beaver Dam Lake, near Austin.— jy^^tQ of cut-off not known. Bank at the head of the 



150 REPORT OP THE MISSISSIPPI RIVER COMMISSION. 

lake is the sanae elevation as the present riyer bank, and said to be above overflow. 
Head of the lake is about 3 miles from the river. 

JEagle LaJce^ Terrapin Neck Cut-off. — Made in 1866. General elevations of bank is 
the same as that of present river bank. Land said to be above overflow. The head 
of the lake is 7 miles from the present river at the cut off. 

Yazoo Lake, at the mouth of Yazoo River. — Said to have been cnt off in 1699. Land 
at the head of the lake has the same elevation as the adjacent river banks. Head of 
lake is 7 miles from river. 

Palmyra Lake, Davis Cut-off. — Made in 1867. Land at the head of the lake is the 
same elevation as the adjacent river banks. The levels are not well checked and the 
elevations may be erroneous. Head of the old bend is 7 miles from the river at the 
cut-off. 

Lake Saint Joseph, Hard Times Bend. — Date of cut-off not known. It was probably 
made long before the Mississippi valley was settled. Elevations at head of lake to- 
wards the upper end are about 2 feet higher than adjacent river banks around Hard 
Times Bend. This part of the lake lies very near Palmyra Lake, and the bank eleva- 
tions are the same as those of the latter lake. Hard Times Bend lies so far down- 
stream from the part of the lake considered that lower elevations should be expected. 
The level notes around this lake are doubtful. The head of lake from present river is 
about 6 miles distant. 

Lake Bruin, near Bondurant Landing. — Date of cut-off not known. No elevations are 
given at the head of the lake on the bend side. Elevations on the point side and the 
other elevations given are lower than the adjacent river banks. The head of the 
lake is 6 miles from present river. 

Lake Saint John, opposite Fairchild's Bend. — Date of cut-off not known. The land 
around the head of the lake is about the same elevation as the adjacent river banks. 
The old bend is about 3^ miles from the present river bank. 

Lake Concordia, above Natchez. — Has probably been cut off twice, date not known. 
At present rate of caving in Giles Bend another cut-off is threatened in the same 
locality. The land around old river is 5 to 7 feet higher than the concave bank of 
Marengo Bend, but this is undoubtedly on account of the rapid caving (220 feet per year 
during the past 70 years), which has prevented the deposit from keeping pace with it. 
The new-made land on the point opposite is as high as the highest land around the 
old bend. 

To farther illustrate the effect of a cut-off, take an ideal case. We know that the 
river banks have a slope about equivalent to that of the water surface or about 0.3 
foot per mile. Then if the elevation of the bank at the upper end of the cut-off is 100 
feet we can interpolate the other elevations around the old bend. 

The land from the river banks back, has a slope of several feet per mile. Hence it 
is evident that in consequence of this slope the land at the head of the lake is above 
overflow, even though it be no higher than the river banks proper. 

Measuring around the old bend the distance is 15 miles with a total fall of 4.5 feet, 
or 2.2 feet per mile if measured through the cut-off. This excessive slope will event- 
ually adjust itself by erosion of banks and bed, but for some time after the cut-off the 
banks immediately below the cut-off will be overflowed at a comparatively low stage 
while the banks above the cut-off are above overflow. Under normal conditions the 
bank at the lower end of cut-off' would have an elevation of 99.1 feet instead of 95.2. 
An examiuation of the old cut-offs suggests that this difference has been eliminated 
by deposit below the cut-off. 

It is also evident that in the cases examined the old and new river banks have 
nearly the same elevations, and consequently that the floods of late years do not differ 
materially in elevation from those occurring before the valley was settled. 

CHANGES IN BANK LINE AND SECTION. 

The later surveys afford a good opportunity of ascertaining the character and ex- 
tent of the changes which have taken place since the surveys of 1879-^80. The data 
available at present embraces the portions of the river lying between Island No. 1 
and Scanlan's Landing, Arkansas, and Commerce Cut-off' and Saint Louis Landing. 

Maps are submitted herewith, which show the changes in shore line and the loca- 
tion of sections compared. The shore-line on the bar side changes so rapidly with 
slight differences of stage of river, that a comparison of that side has generally been 
omitted. 

Sections have been plotted which are nearly coincident in the two surveys, and 
therefore show the changes that have occurred in depth and form of section. In plot- 
ting, the bottom has been referred to the same plane, and the differences in the water 
surfaces show the difference in the stages at which the soundings were taken. 

These comparisons are of peculiar interest as showing to some extent the effect of 
the great floods which have occurred in the interval between the two surveys. 
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CAVING BANKS. 

The amonrit of caving shown on the accompanyinj^ sheets was determined by 
measuring the distance between the positions of the bank lines as located by the two 
snrveys. 

The initial points on which these two surveys depend are sometimes 3 or 4 miles 
apart, and there may be a slight difference in sketching between the intermediate 
points located with the stadia; hence the figures given roust niot be regarded as exact 
in any special case. As a whole they may be considered as very near the truth. Where 
the caving has been very slight the comparisons fail to show it. 

In general, the advance of the bars into the bends has kept pace with the receding 
banks. 

The amount and rate of caving is given in tabular form for the principal bends. 
As the greatest caving is most frequently found near the lower end or the bend, it fol- 
lows that the present tendency is to make the river more nearly straight. 

From Island No. 1 to Island No. 10 the caving banks aggregate 209,850 feet in length 
in a distance of 55 miles, or an average of 3,816 feet per mile of river. The heaviest 
caving occurs in Puntney and Beckwith bends and near Island No. 10. The amounts 
of caving at different points are given in detail on sheets 1, 2, and 3 of the published 
series accompanying this report. 

From CaruthersviUe to head of Frame's Chute the caving banks aggregate 502,000 
feet in length in a distance of 115 nriles, or an average of 4,365 feet per mile of river. 
The greatest caving is above Rucker's Point, Forked Deer Island and opposite bend, 
Morgan's Point and above Centennial cut-off. At Forked Deer Island it has caved 
2,210 feet in 4 years. 

From Commerce Cut-off to Saint I-^ouis Landing the caving banks aggregate 392,520 
feet in length in a distance of 77 miles, or an average of 5,098 feet per mile of river. 
The greatest caving is near Commerce Cut-off, in Bordeaux Chute, above Hardin's 
Point, at Trotter's Landing, and Jackson's Point. Near the lower end of Bordeaux 
Chute the entire river moved west a distance of 5,000 feet from 1880 to 1883, or at the 
rate of about 1,670 feet per year. 

At Trotter's Landing the caving from 1878 to 1883 amounted to 1,560 feet. From 
1878 to 1880 the caving along Helena Island amounted to 1,310 feet, while from 1880 
to 1883 the caving was very slight. 

The head of Shoo-Fly Bar has moved down-stream over half a mile in spite of the 
fact that it was largely composed of gravel. 

Brinkley Tow-head, the tow-heads just below O. K. Landing, and a large portion of 
Montezuma Tow-head have been washed away. 

Island No. 65, which in 1881 was 1^ miles long and | mile wide, and covered with 
heavy timber, has entirely disappeared. 

It will be noticed that the greatest changes have taken place on the last-named 
reach and near the cut-offs at Commerce and Bordeaux Chute. 

If we take 60 feet as the distance from the top of the bank to the bottom of the 
river (it will average something more than that) along caving bends, and use the 
length and mean widths given in the accompanying plats we can compute the number 
of cubic yards moved by erosion of banks. 

From Island No. 1 to Island No. 10 it is found to be 551,385 cubic yards per annum 
for each mile of river. 

From CaruthersviUe to Frame's Chute, 999,041 cubic yards. 

From Commerce Cut-off to Saint Louis Landing, 2,231,726 cubic yards. The latter 
includes the tow-heads and Island 65, which have been washed away. 

CAVING BANKS. 



Locality. 



Pimtneiv Bend 

Lacas fiend 

Wolf Island Bend 

Beckwith Bend 

Hickman Bend 

Island No. 8 Bend 

Missouri Bend 

New Madrid Bend 

Noland's Landing 

Darnell's Point 

Point Pleasant to Ruddle's Point 

Merri wether Bend 

Little Cypress Bend 



Length. 



Feet 
20,000 
35, 000 
20, 500 
20, 600 
11, 000 
23,300 
20,000 
31,300 
10,300 
15,000 
28,750 
28,000 
22,700 



Maxim am 
width of 
erosion. 



Feet 

720 

620 

260 

1,020 

395 

260 

787 

729 

1,149 

3,100 

623 

728 

970 



Mean 
width. 



Feet. 
350 
266 
140 
511 
148 
170 
502 
377 
681 
1,085 
356 
371 
666 



Annual rate 
of erosion. 



Feet. 



87 
67 
40 

137 
40 
48 

136 
75 

137 

217 
71 
74 

133 
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REPORT OF THE MISSISSIPPI RIVER COMMISSION. 



CAYIKO BAKKS— Continned. 



Locality. 



Beelfoot Bend 

Little Prairie Bend 

Booth's Bend 

Coleman's Bend 

Keedham's fiend 

BarfleldBend 

Forked Deer Island 

Canadian Reach 

Ashport Bend 

Elmot Bend 

Craighead Point 

Morgan's Point 

Idaho Bend 

Bateman's Bend 

Cientennial Bend 

Fogleman Chute (both sides) 

Beei Island 

Bradley's Bend 

Bedman's Bend 

Commerce Cnt-off (partial) . . 

Ashley Point 

Brinkley Bend 

Bordeanz Chute 

Hardin's Point 

Ship Island Bend 

Harbert's Bend. 

Shoo Fly Bend 

Hopefield Bend 

St. Francis Bend 

Trotter's Bend 

Helena Bend 

Montezuma Bend 

DeltaBend .. 

Horse Shoe Bend 

Old Town Bend 

Island 63 

Hughey's 

Island 64 Bend 

Ludlow's Bend 





Mazimum 


Length. 


width of 




erosion. 


Feet. 


Feet. 


50,200 


870 


25,000 


1,541 


15.000 


190 


28,100 


560 


33, 300 


790 


37.600 


990 


83,000 


2,210 


16,000 


1,670 


19,000 


690 


13,400 


760 


11,000 


560 


11,000 


990 


54,300 


1,040 


26,000 


1,220 


21,000 


1.670 


15,600 


230 


11,000 


757 


13,300 


460 


16,000 


623 


8,850 


2,950 


15,000 


760 


23. 100 


2,460 


13^800 
13F,1)eO 


4,200 
1,160 


8,420 


660 


20,000 


210 


8,100 


1,450 


11,700 


1,480 


86, 200 


580 


19,000 


1,700 


19,000 


670 


18.600 


300 


8,500 


360 


16, 700 


420 


20,000 


530 


9,000 


460 


15, 000 


528 


15,000 


760 


30,000 


400 



Mean 
width. 



Feet. 
257 
751 
160 
337 
395 
370 
862 
998 
344 
206 
288 
501 
341 
539 
549 
188 
478 
237 
310 

2,460 
565 
798 

1,342 
418 
445 
148 
a'lO 
820 
287 

1,220 
433 
207 
157 
283 
270 
210 
315 
345 
301 



Annual rate 
of erosion. 



Feet. 



51 

150 

44 

92 

108 

106 

230 

27S 

94 

50 

78 

137 

9S 

147 

149 

52 

131 

00 

86 

820 

188 

263 

44 

139 

148 

49 

277 

164 

96 

407 

144 

60 

52 

04 

90 

70 

106 

115 

100 



CHANGES IN SECTION. 



A careful analysis of the sections compared gives the following results 



Character of changes in river. 



Iffarrower and deeper 

"Wider and deeper 

Same width and deeper 

Narrower and same depth . . , 

Wider and same depth 

Same width and same depth 



Same depth or deeper (total) 



cS s> 



18 

10 

5 



Narrower and shallower. . . 

Wider and shallower 

Same width and shallower. 



Shallower (total) 



6 
4 
6 



2 



*2 



o 



30 
88 
5 
6 
5 
5 



8 

24 

3 



9 
® go 

s°s 



26 
5 
7 
3 
4 
1 



9 

17 

8 



3 

o 
H 



74 
53 
17 

9 
12 





171 



2» 
4& 

12 



80 
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It will be seen from the above table that, oat of the 251 sections compared, the last 
snrvey shows that the river is the same depth or deeper in 171 cases and shallower in 
80 cases. It is the same width in 35 cases, narrower in 106 cases, and wider in 110 
cases. In the vicinity of the improvements at Plum Point, say from Island 25 to Ran- 
dolph, the sections show the same depth or deeper in 34 cases, and shallower in 10 cases. 
The increase in width in this reach is quite marked. The river is wider in 28 sections, 
narrower in 10 sections, and same width in 6 sections. Tie increase in depth occurs 
mainly in the bends and the decrease on the crossings. The greatest erosion of the 
river bed does not occur where the bank erosion is the greatest, but where the banks 
have been stable, or the channel contracted. A section near Hardin's Point has de- 
creased in width 4,900 feet and increased in depth 45 feet. The etiect of the stable 
banks near Columbus and Hickman has been a very decided increase in dex>th. 

As a rule, decrease in width is accompanied by a corresponding increase in depth, 
and conversely, an increase in width shows a decrease in depth. 

In the bends below Friar's Point, where is a great difference in the stages of the sec- 
tions, it will be seen that the deepest sections belong to the highest stage. That is, 
the bottom seems to have been scoured out during the high stage or filled at the lower 
stage. Many of the sections show but little change. 
Very respectfully, your obedient servant, 

J. A. OCKERSON, , 
United States Assistant Engineer, 

First Lieut. Smith S. Leach, 

Secretary Mississippi River Commission, 



2. — Report of Assistant Engineer C. M, WincheV, Island No. 1 to Bonaldson^s Point, 

Office Mississippi River Commission, 

Saint Louis ^ Mo,, June 1, 1884. 

Sir: I have the honor to submit herewith a report concerning the field operations 
of the topographic party under my direction during the season of 1883- '84. 

In obedience to your instructions I left Saint Louis on the evening of October 10, 
1883, with the party, consisting of 10 assistant engineers, 2 recorders, 6' rodmen, 8 
stadia men, 6 boatmen, 16 axmen, 1 steward, 2 cooks, 3 waiters, 1 watchman, and a 
tug crew of 3. We reached Cairo, 111., and went on board the quarter-boats Tennes- 
see and Pioneer on the morning of October 11. After taking on supplies at Cairo, the 
quarter-boats were towed to Island No. 1 by the iron launch which had been assigned 
to the party, and work was begun October 12. Assistant J. A. Paige, G. W. Wood, 
H. W. Kerr, F.B. Maltby, and G. H.French were assigned to topography; Assistant 
Moses Greenwood, hydrography ; Assistants L. C. Jones and J. W. Dorst, levels ; Assist- 
ant G. H. Whitney, office work, platting field notes of the survey; Recorder D.E. 
Perkins and C. K. Tharp read sextant angles and recorded in the sounding-boat. 

The upper limit of our survey joined the lower limit of the topographic survey made 
in 187(>-'77 by the U. S.'Lake Survey under the direction of General C. B. Comstock, 
and it was intended to continue the same down the river to Caruthersville, Mo., but 
owing to lack of funds to carrj"^ on the work, the party was called in and disbanded 
December 1, at which time the survey had been completed to a point about 5^ miles 
above New Madrid, Mo., 45 miles above Caruthersville. 

TOPOGRAPHY. 

In addition to the usual limits of the survey, the line of bluff's was located by com- 
pass line from Island No. 1 to Reelfoot Lake and frequent determinations made of the 
difference of elevation between the top and bottom of the bluffs. Their height above 
the water surface of the river at medium stage ranges from 150 feet to 200 feet. 

All of the lakes, ponds, and bayous between the bluffs and the river were surveyed 
by compass and stadia. Connections were made with two county lines in Kentucky, 
and three points on the State line between Tennessee and Kentucky. Several town- 
ship and section corners of the United States land survey were also connected with 
this survey. Obion Creek, Bayou du Chien, and James Bayou were meandered from 
2 to 5 miles beyond the prescribed limits of topography. 

Assistant French made a survey of the head oi Reelfoot Lake and about 7 miles of 
its length. In the report of the commissioners appointed by the States of Kentucky 
and Tennessee to locate and mark the boundary line between those two States, it is 
stated that it took them six weeks to run a line across Reelfoot Lake, ''a feat never 
before accomplished," the obstacles being numerous sloughs, swamps, bayous, cane- 
brakes, &c. Mr. French was only two weeks in crossingthe lake and surveying both 
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shores by independent lines, it being impossible to locate one shore by intersections 
from the other, on account of dead trees in the lake and marsh grass along the shores. 
The State commissioners measured their distances with a chain. Mr. French used a 
oompass and stadias. 

The supposition that Reelfoot Lake was once the channel of the Mississippi River, 
is, in my opinion, without foundation in fact. It has none of the characteristic fea- 
tures of "old river'' lakes, but is like the ^'snnk lands" of the Saint Francis Basin, 
very irregular in shape, shallow, and full of dead trees standing in the water. It is 
5 feet to 12 feet deep, except in two places, where it is 20 feet deep. It was prob- 
ably a cypress swamp which sank during the earthquake convulsions of 1811. 

HYDROGRAPHY. 

Sections were sounded about 350 meters apart and a longitudinal line sounded along 
the thread of deepest water over the entire reach of river surveyed. 

The maximum depth found was 142 feet, and this depth was found both at Colum- 
bus and Hickman. At Hickman the river is very narrow, the wet section being' not 
more than half as wide as it was at the same stage in 1879, but the depth has more 
than doubled in the same time. The narrowest place found was at Chalk Bank, where 
the gravel and sand bar projects from Wolf Island to within 275 meters of the oppo- 
site bank. Here, as at Hickman, the rocks at the base of the bluffs project some dis- 
tance into the river and are from 3 feet to 15 feet below the surface at low stages. 

LEVELS. 

Several new perpianent bench-marks were established, and at each stone line a river 
crossing was made with two instruments by simultaneous observations, and duplicate 
lines of levels carried from the crossing hubs to the B. M's. on the stone line. A con- 
tinuous line of levels was run on the left bank checking in the precise level bench- 
marks which had previously been established. 

CAVING BANKS. 

No very marked changes have taken place in this part of the river since 1879. The 
caving in the bends has been continuous, but not very rapid, the greatest amount of 
cutting being at Parker's, above Hickman, where it reached a maximum of 274 meters 
in four years, and just below Slough Landing, in Missouri Bend, where it has caved 
240 meters. Immediately above Hickman, at Bayou du Chien, it has caved 89 meters 
since 1879. 

Miles of river surveyed 55 

Square miles topography 136 

Square miles hj'drography 38 

Total area surveyed 174 

River crossings of levels 17 

Cross-sections sounded 262 



SLOPE TABLE. 



Locality. 



Island No. 1 to Columbus 

Oolumbns to foot of Wolf Island 

Foot Wolf Island to Salmon's Landing 
Salmon's Landing to James' Bayou . . . . . 

James' Bayou to A Bit dsall 

A Birdsall to A Everett 

Mean slope for entire reach 



Distance. 


Slope per 
mile. 


Rising or 
falling.* 


Miles. 


Feet 




11 


0.16 


± 


7 


0.46 


— 


7 


0.34 


+ 


11 


0.23 


± 


10 


0.31 


± 


11 


0.35 


+ 


57 


0.32 





Cairo gauge- 
reading. 



Feet. 



9.97 
10.40 
19.40 
20.38 
22.06 
26.30 



*-\-= rising ; — = falling ; ± = stationary. 

I cannot too highly commend the diligence and skill of my assistants, upon whose 
zeal the favorable progress of the work so largely depends. 
Very respectfully, your obedient servant, 

C. M. WINCHELL, 

Assistant Engineer, 
First Lieut. Smith S. Leach, 

Secretary Mississippi River Commission, 
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3. — Report of Assistant Engineer L, L, Wheeler, Caruthersvillef Mo,, to Randolph Point , 

Tennessee. 

Office Mississippi River Commission, 

Saint Louis, Mo,, August 1, 1884. 

Sir: I have the honor to submit the following report upon the operations of the 
party in my charge duriug the season of 188^'84. 

The work assigned to the party was to make a topographical and hydrographical 
survey of that section of the Mississippi River between Caruthersville, Mo., and Ran- 
dolph Point, Tennessee. The organization of the party was as follows : Chief of party, 
L. L. Wheeler ; topographers, A. N. Darrow, O. W. Ferguson, E. E. Haskell, O. A. 
Orrman, A. H. Weber, J. W. Payne ; hydrographers, H. B. Wood, Fred. Morley ; lev- 
elers, A. E. Kastl, T. C. Thomas; draughtsman, A. Perrilliat; and 48 men. 

In accordance with your instructions, the party left Saint Louis by rail the evening 
of October 10, and went on board the quarter-boats Illinois and Kentucky, at Cairo, 
111., the following morning. The boats were taken in tow the same day by the Uni- 
ted States steamer Patrol, and reached Caruthersville the evening of October 13. 
Field work commenced Monday, October 15, on a line normal to the river at Caruthers- 
ville, and continued without interruptions of any kind until about January 1, when 
the weather became very inclement, and continued so until the end of the season. 
At the above date Brandywine Island had been reached, and the work remaining to 
be completed included Centennial and Brandywine Islands, Islands 37 and I^O, and 
the main banks down to Randolph Point. The river at this time was rising fast and 
rapidly covering the low bars and islands, and bringing down large quantities of 
driftwood. The weather became intensely cold and a large portion of the time heavy 
fogs hung over the river, making it difficult to see signals or to do field work of any 
kind in the immediate vicinity of the river. The work was pushed down tlie main 
channel as fast as the weather would permit, and, January 5, was completed in and 
along the main channel to Randolph Point. The Patrol moved the party, January 6, to 
Viola Landing in the old river, behind Centennial Island. A heavy snow-storm set in 
the next day and ice commenced running the same evening. From that time until 
the end of the work the river was not free from ice, so that no hydrographj'^ could be 
done. The work on the main bank behind Centennial Island and Island 37 was com- 
pleted by the parties walking to and from work through snow from 6 to 8 inches deep, 
part of the work being done on the ice. The Patrol returned to the party the even- 
ing of January 9, and remained until the morning of January 12, when finding it im- 
possible to continue work and provisions being exhausted the party was disbanded 
and taken to Memphis by the Patrol. The work left unfinished includes the whole of 
Island 37 and that portion of Centennial Island lying outside of the old main bank, and 
the hydrography in the chutes behind these islands. The total number of days spent 
in the field was 94, of which 4 were spent in traveling, 2 were observed as holidays, 13 
were Sundays, and 5 were too stormy for work, leaving 70 days in which work was 
done. The length of main river surveyed was 101 miles, the average daily progress 
being 1.07 miles or 1.44 miles per working day. The average daily progress in miles of 
river was very much diminished by the number of large islands to be surveyed. The 
total number of square miles of topography was 274, and of hydrography 80, making 
the total number of square miles surveyed 354, being a daily average of 3.76 square 
miles, or 5.05 square miles per working day. 

TOPOGRAPHY. 

A preliminary survey of this portion of the river had been made during the season 
of 1879-'80, and the work of last season was intended to fill in the topographical de- 
tails. 

It was found, however, that in consequence of the loss of many of the triangulation 
stations and of the necessity of running shore lines to locate sounding stations and to 
determine changes in banks, bars, <&c., that a complete survey was necessary. This 
work did not differ in detail from what had been done previous seasons. A sufficient 
number of triangulation stations were found to furnish azimuth, and to check stadia 
distances. Of the 100 triangulation stations on this portion of the river, 54 have been 
lost by caving of the banks, 2 have been taken away by persons unknown, 3 have been 
broken, and 2 were not found, although at safe distances from the river. 

HYDROGRAPHY. 

The instructions required that the sections sounded in 1879-'80 should be resounded 
as nearly as they could be identified. It was found, however, that, on account of 
changes that had taken place in banks, bars, islands, tow-heads, «&c., the old sec- 
tions could not be identified, and could be found only by plotting the shore-lines 
and comparing the two surveys. To have done this would have kept the hydrography 
far behind the other work, which it was not advisable to do. In the 101 miles of 
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main river 503 sections were sounded, making the average distance between them 
323 meters. Probably none of the old sect ions would be more than 200 meters from one 
of the new ones, and the majority of them would be much less. It is probable that^ 
on account of the changes that have taken place, the positions of the old sections 
relative to the general outline of the river had changed by as great distances, and 
that, therefore, tne old sections have been as nearly duplicated as if sounded in ex- 
actly the same positions. 
The following is a sammar^^ of the hydrographical work: 

Miles of main river 101 

Square miles 80 

Sections in main river 503 

Sections in chutes, &c 121 

Soundings 29,283 

Sextant angles 16,974 

LEVELS. 

Elevations were based upon a line of precise bench- marks, and are referred to the 
Memphis datum plane. There had been set originally 27 bench-marks, and of these 
21 were found in good condition, 3 were not found but probably are safe, 1 had caved 
in the river, 1 had been broken, and 1 had been taken to serve as hearth-stone in a 
cabin near by. 

The following table shows the discrepancies between the results of the precise levels 
and the ordinary levels : 



Bench-marks. 


Distance. 


Disoi'epancy. 


Bench-marks. 


Distance. 


Discrepancy. 


No.27 toNo. 28 


MUes. 

H 
14 

'I' 

H 
H 

4 


Feet 
-0.084 
-0. 018 
+0. 121 
+0. 118 
-f 0. 097 
+0. Oil 
+0. 063 
-0. 078 
+0. 008 


No. 42 to No. 43 


MUes. 

2| 

I' 

4 

4 

3i 

81 


Feet 
+0.027 


No. 28 to No. 31 ... 


No. 43 to No. 44 


-0. 121 


No. 28 to No. 32 


No. 44 to No. 45 


+0. 098 


No.32toNo.33 


No. 45 to No. 46 


-0.052 


No. 32 to No. 37 


No. 48 to No. 49 


+0.070 


No. 37 to No. 38 


No. 49 to No. 51 


+0.062 


No. 37 to No. 39 


No. 51 to No. 52* 


-0.098 


No. 39 to No. 41 


No. 51 to No. 53 


-0.146 


No. 41 to No. 42 








- 



* No. 52 said to have been disturbed by a falling tree. 

Lines of levels were run on each bank, the two checking each other by river cross- 
ings and by comparisons of water surfaces. The following table shows the discrep- 
ancies between the two lines of ordinary levels : 



Locality of comparison. 



Booth's Point, Tennessee. 

Foot of Island 21 

Daniel's Point, Arkansas 
Ehnot Landing, Arkan- 
sas - 

Fulton, Tenn 



Distance. 



MUes. 

n 

14 
201 



iSI 



Discrepancy. 



Feet 
+0. 327 
-0. Ill 
+0. 117 

-0. 034 
-0.020 



Locality of comparison. 



Morgan's Point, Arkan 
sas 

Andrew's Landing, Ar 
kansas 

Brandy wine Island 



Distance. 



MUes. 

H 
15 



Discrepancy. 



Feet 

+0.080 

+0.087 
+0. 17© 



There have been set along the section of the river 116 stone line bench- marks, of 
which 14 were set during last season. Of the 102 bench-marks set in 1879-'80 5 
have been lost by caving of the banks, 3 have been broken, and 8 were not found, 
although at safe distances from the river. Filed herewith is a table showing all ele- 
vations of stone line bench-marks determined, and discrepancies where elevations 
have been obtained in both seasons for the same bench-marks. The elevations of 
bench-marks used in determining the low- water slope of 1883 were determined, and 
the water-gauges at Cottonwood Point and Fulton inspected, and the elevation of 
their zeros determined. 

The assistants performed their duties with ability and energy, and to them is largely 
due the rapid progress of the work. » 

Very respectfully, your obedient servant, 

L. L. WH££<LEiR, 

Assistant Engineer, 

First Lieut. Smith S. Leach, 

Secretary Mississippi River Commission, 
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Appendix D. 

report upon and results op experimental work at various discharge 

stations. 

Office Mississippi River Commission, 

Saint Louis, Mo., October 20, 1884. 

General : 1 have the honor to submit herewith the results of the experimental work 
done at the Paducah, Columbus, Helena, Hays' Landing, and Red River Landing dis- 
charge stations in 1882. The work related mainly to the distribution of velocities 
throughout the cross-section. 

The original reports are voluminous and contain much detail of computation not 
essential to a complete presentation of the results. The important parts have there- 
fore been extracted ; but it should be added that every individual result is presented in 
figures, and the individual curves omitted may easily be reconstructed from them by 
any one so inclined. 

The methods of reduction are described in the report accompanying the Paducah 
results, and were the same for all the stations, all the computers working from one 
memorandum and under the same supervision. All the work was done with current 
meters. 

There are given for each discharge section tables showing the ratings of meters used 
in determining velocities, and tables showing depths, velocities at each tenth of depth 
for each observation, means for each station, means of all stations, and means of all ob- 
Bervations. For Paducah and Red River Landing there are given reports upon the 
reductions by Assistant Engineer E. H. Twining. A table is given showing transverse 
distribution of velocities observed at seven feet beneath the surface in the bend above 
Columbus. There are also given tables showing areas of a section in Beckwith's Bend, 
12 miles below Columbus, and of a section in Brunette Bend, 22 miles below Red River 
Landing. 

For each section a plate is given showing a sketch of the locality, the general shape 

of the cross-section and the vertical velocity curves. In order to economize space the 

ot'igins of velocities in the curves have been so taken as to bring the curves as near 

ea<m other as possible without confusion. The scales for velocities and depths are 

, nniform throughout. 

There is also given a plate showing the curves representing equal velocities at the 
Hays' Landing section at low water, the stage being between 6 and 7 feet. Each of 
the velocities there shown, is the mean of 23 observations made on separate days, the 
river beiug practically at a stand. 

While the curves of each station seem to have a different characteristic form, they 
are in close accord on one very important point in practical gauging, viz: — the depth 
at which the mean velocity is to be found. 

The following table shows the grand mean curve for all localities and the percent- 
age of the depth at which mean velocity is found in the mean curve for each locality. 

This percentage varies from .60 to .71 only. 
Very respectfully, your obedient servant, 

SMITH S. LEACH, 
First Lieutenant of Engineers, Secretai^y, 

General C. B. Comstock, 

President Mississippi River Commission, and 

Chairman Committee on Surveys and Examinations, 



1.— Paducah, Kentucky. 

Office Mississippi River Commission, 

Saint Louis, Mo., July 6, 1884. 

Sir : In accordance with instructions, I have the honor to submit a report on the re- 
duction of experimental work performed by Assistant W. G. Price, in the year 1882, 
at the Ohio River discharge section near Paducah, Ky. 

The section is situated 3 miles below the mouth of the Tennessee River, and about 15 
miles below the mouth of the Cumberland. The effect of local changes in these riv- 
ers is at times noticeable at the section, in producing irregularities both of amount 
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and distribution of velocities^ especially at the lower stages. In general, however 
a rise of these rivers is so nearly coincident with a like movement of the Ohio, that 
their effect is lost in the mass of the main river. 

A middle bar, just showing at extreme low water, lies at about two-thirds the width 
of the river from the Kentucky shore. Nearly opposite the head of this, and nearer 
the Kentucky side, is the foot of a series of shoals, which are virtually a continuation 
of the point of land between the Ohio and Tennessee. Between these and the bar 
first mentioned is the high- water channel of the Ohio. The effect of this conforma- 
tion will be alluded to in the course of the report. 

A sketch of the localitv is appended. 

The experimental work included the following particulars : Determination of velo- 
cities in vertical planes; comparison of mid-depth and integration velocities; com- 
parison of rod-float and meter velocities ; current oscillations ; meter ratings. 

Vertical velocities. — These were all taken with the meter, Ellis No. 6 being used up to 
January 24, and Price A after that date. Observations were made at 17 stations, ex- 
cept from July 14 to August 31, when the number of stations was 16. These stations 
were located by fixed signals, so that the points of observation were nearly invaria- 
ble. Only during the period above mentioned was it found necessary to redistribute 
the observations, in the process of combination. The meter was run for one minute 
at every foot in depth (in very shoal water at one- half foot intervals), and a mid-depth 
run of five minutes was made before and after each vertical. The whole number of 
verticals is 211. 

The results are tabulated in the annexed sheets, numbered 1 to 84, with a graphic 
view of each vertical and of it^ location on the section. The meter registrations are 
given for one-minute runs, and the velocities in feet per second. Except where other- 
wise stated the scale of depth for the plotted curves is 10 feet, and that of velocity 1 
foot to the division. In the location tne scale is 1,000 feet to the division horizontal ; 
the vertical scale is arbitrary.* 

Upon the assumption that the velocities at proportionate depths, at all stations, 
maintain a fixed ratio, the vertical curves were divided into tenths, from surface to 
bottom, and the velocity at each tenth measured or computed, thus forming a new 
series of verticals of 11 points each. The verticals of this series were combined ac- 
cording to their respective stations, the mean of each group (station mean) represent- 
ing the normal distribution of velocities in a vertical plane for that station. The sta- 
tion means were in like manner combined, the result (means of stations) giving the 
vertical distribution of velocities for the whole section. A grand mean was obtained 
\)y combining all the numbers of the series, without distributing them to their respect- 
iye stations. This differs slightly from the mean of stations, from the fact that the 
Bvxmber of observations was not the same for all stations, those made at the higher 
stages of water, not always including every station on the section. 

inspection of the curves on sheet No. 84 shows considerable variation in form, in 
pft ssing from No. 1, on the Kentucky side, to No. 17, on the Illinois side, those on the 
left side of the middle bar having their maximum below, and those on the other side 
at the surface. In connection with the grand mean curve, the mean of stations 1 to 
8, and that of stations 9 to 17, are exhibited. The difference in form arises from the 
fact that, as previously explained, the river at this point does not present a homogene- 
ous section. Because of the disturbances from this source, it is hardly to be expected 
that the grand mean curves should be capable of being expressed by an equation. 
The nearest approach is apparently to that of an ellipse with its major axis verti- 
cal. Mr. Price is probably ri^ht in attributing some of these irregularities in the 
vertical distribution of velocities to differences in temperature of the two rivers, al- 
though, no record of the temperature of the water having been kept, the extent of this 
influence cannot be certainly defined. Aside from this, however, the variations in 
relative stage of the Ohio and its affluent, affect to some extent the distribution of 
velocities, both vertical and transverse. Furthermore a change in transverse distri- 
bution also occurs as the absolute stage becomes lower, the maximum velocity above 
the 8-foot stage being on the Kentucky side, and below that stage on the Illinois side, 
except in case of a transient rise in the Tennessee. This apparently results from the 
action of the bar just above the section, which at low water tends to restrict the Ohio 
current to the north channel. 

Mid-depth and integration velocities. — These experiments, 75 in number, were all made 
after the river had fallen to the 25-foot stage. The meter was run at mid-depth for 
five minutes, the registrations being noted at intervals of fifteen seoonds; the integra- 
tions (taken from bottom to top only) were also recorded every fifteen seconds. Only 
mid-depth velocities were plotted, and the mean compared with that of the integra- 
tions. Inspection of the curves shows that the variations from the mean, with few 
exceptions, lie within the limits of error in observation, viz, a half second of time and 

* The tables here referred to are not published. 
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a half re^siratioD, and that there is little evidence of anything like rhythmic pulsa- 
tion in the current during the time (five minutes) given to the observation. 

The sum of the two errors mentioned gives an absolute error which may occur in any 
observation, and which will show a larger percentage as the velocity is lower. The 
mean of velocities observed at all stations for the period of this set of observations is 
2.16 feet per second ; the possible error is 0.14, or 6.5 per cent. 

The average of all the observatioos gives a departure from the mean of -^6.5 per 
cent. ; this however varies widely in the individual observations, ranging from 2 to 20 
per cent. There are evidently, besides the errors of experiment, causes of fluctuation 
to be sought for iu the irregularities of the stream lines and in the management of the 
meter. It is manifest that, if the meter is free to swing as a whole, like a pendulum, 
lateral variations will produce oscillations, which, interfering with the current move- 
ment, will give velocities varying from one another in the same way, and for the same 
reasons, as upward and downward integrations vary. These movements of the meter 
mask to some extent the current variations, and must be as far as possible eliminated 
before the latter can be examined. From the experiments on current oscillations at 
this station, it appears that lateral deviations are very small, and it would seem that 
•the disturbing causes must be sought for in real changes of velocity, from instant to 
instant, at the point of measurement. An epicyclical movement of the particles of 
water, such as theoretical considerations would indicate, of course implies momentary 
changes in velocity at any given point. The extent of these and their regularity of 
recurrence can only be determined by means of an apparatus of continuous record, 
to avoid those sharp irregularities which must appear in any series of detached ob- 
servations. 

In order to compare roughly the fluctuations in mid-depth with those of the vertical 
velocities of the same period, a free-hand curve was drawn through each vertical, ap- 
proaching as nearly as possible the form of the mean vertical curve of the section ; 
the half sum of the extreme variations from this line was considered as the ^ depart- 
ure for that observation. The mean obtained in this way is 5 per cent., v^ryin^ in 
individual cases from 2 to 15 per cent, of the mean velocity. In this case the time 
and registration errors have but one-fourth the weight of those iu the mid-depth ob« 
servattions, since in the verticals the meter is recorded at one-minute intervals. 

On the assumption that the errors of observation do not exceed the necesssary 
amount stated a half regibtration and a half second, these results indicate the action 
of a disturbing cause in the movements of the water. It is found, moreover, that the 
greatest fluctuations occur at the ends of the section, where the effect of the shore slope 
IS felt. In the case of the verticals, it is not possible, in the absence of repeated ob- 
servations at the same time, to decide how far the lowest observed velocity is affected 
by the bottom of the river, though the variety iu form of the individual curves in this 
part points to a considerable range of variation in velocity. 

The comparison of mid-depth and mean integration velocities shows that the former 
are about 3 per cent, in excess of the latter — a little more than this, if the mean of up 
and down integrations be taken, since the upward regularly exceeds the downward 
mean by 1 or 2 per cent. This agrees closely with the results of observations in ver- 
tical planes, in which the mean coefficient for the reduction of mid-depth to mean ve- 
locity is 0.965, varying, however, for the various stations from 0.944 to l.i 00, and for 
the two sides of the river from 0.955 (stations 1 to 8) to 0.975 (stations 9 to 17), this 
difference between the two groups of stations proceeding from the relatively low sur- 
face velocity on the Kentucky side, as noticed above. 

This coincidence incidentally confirms the correctness of the presupposition on 
which most of the meter work on the Mississippi River and tributaries is based, viz, 
that the integrations furnish the true mean of velocities past a vertical. 

Bod-float and meter velocitits, — Rod floats were run in connection with the meter on 
twenty-four days, from June 7 to the end of the season; six floats were run at each 
station, and the mean taken. These velocities have been tabulated, but are not pre- 
sented here, as the details add but little to the general results contained in the tables 
of discharge observations, Report Mississippi River Commission 1883, pp. 185 ff. Plot- 
ted transverse curves of eight days' observations are, however, given on page 85, and 
ratios of meter to rod-float velocities on page 86. 

In general, it will be seen that the velocities obtained by rod-floats are lower than 
indicated by the meter, for stages below 25 feet on the gauge. The few simultaneous 
obst^rvations made above this stage indicate that the rod-floats give at higher stages 
a slightly greater velocity than the meter, owing probably to the immersion. In the 
absence of slope data, no satisfactory comparison can be made of velocities observed 
from January 27 to February 10, when rod-floats alone were used, with those found 
later by the meter, at like stages. The mean ratio for stages from 3.23, to 10.40 is 
0.946; from 3.23 to 20.88, 0.949; from 3.23 to 31.36, 0.963. 

It was expected that comparisons could be made between the rod-float velocities 
and those found by the meter, at the same stage, down to the depth of immersion, 
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bnt it was found that changes in slope made this comparison very uncertain. On two 
days rods were nin at varying depths, and at the same time vertical velocities taken 
with the meter, as follows : 



Date. 



1882. 
September 28 

Ootober4 

October 4 

Ootober4 

November 1 



Station. 


Depth. 




Feet 


4 


25 


13 


1L2 


14 


11.0 


15 


12.5 


16 


10.8 



Velocity. 



Immersion. 


Rod-float. 




Obaerved. 


Reduced. 


Feet. 






C 9.2 


2.01 


1.85 


< 16.1 


1.98 


1.87 


( 21.4 


1.92 


1.86 


( 4.8 
\ 9.2 


2.16 


2.00 


2.10 


2.02 


( 4.8 
\ 9.2 


2.33 


2.15 


2.21 


2.13 


( 4.8 
\ 9.2 


2.24 


2.06 


2 17 


2.07 


J 4.2 
9.2 


1.45 


1.34 


1.36 


1.32 



Meter to 

immersion. 

depth. 



2.02 
2.01 
1.95 
2.30 
2.22 
2.33 
2.17 
2.29 
2.19 



These results, so far as they go, show a tolerably close agreement of rod-float and 
meter, down to immersion depth ; the coincidence also of the rod-float velocities re- 
duced (by Francis formula) tends to verify this formula for large streams. It may 
be observed, moreover, that the velocities obtained by rods and meters respectively 
approximate more nearly if, in the case of the latter, account is taken of the fillet 
(in these observations 1 foot) of water next the bottom, not reached by the meter 
this having more weight in determining the mean velocity as the depth of water is 
less. From an estimate of the rate of decrease in velocity in approaching tlie bot- 
tom, based on the form of the mean- velocity curve, it would appear that the mean 
velocity of this fillet is not less than 85 per cent, of the velocity at 1 foot above the 
bottom. 

Current osoillations. — Experiments were made to detect the occurrence of lateral 
deflections in the thread or the current at different points, by means of a submerged 
vane. These at first, when the whole apparatus was free to swiug, indicated eome 
oscillations ; but when lateral guy lines were used to prevent this swinging, the de- 
flections disappeared or were reduced to a very inconsiderable amount. 

Meter ratings, — ^The meters rated were Ellis No. 6, Herschol No. 12, and Price A. A 
table of results is appended, as also the plotted ratings of meter A. The close corre- 
spondence of the different ratings of the last-named meter, and the absence of any 
important variations in its registering, show that it is to be relied on at all veloci- 
ties. 

Very respectfully, your obedient servant, 

E. H. TWINING. 

First Lieut. Smith S. Leach, 

Secretary Missisaippi Eiver Commission, 
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Ratings of meter 8 used at Paducdh, Ky. 



Locality. 

• 


Date. 


Meter. 


Number of obser- 
vations. 


Re^strations per 
revolution. 


a 

0.027 


h 


Range 

ofvelocities 

per 

second. 


Where taken. 


1 

Paducah, Ky. .. 
Do 


1882. 
Feb. 23 
Mar. 4 
Apr. 12 
Apr. 26 
Apr. 26 
June 21 
June 21 
July 26 
Sept. 27 
Feb. 4 

1881. 
Nov. 8 

1882. 
May 2 
May 2 


Price A 


1 
15 2 


0.511 


Feet. 
2. 04-5. 88 


In a pond. 
Do. 


...do 


13 2 0.028 
13 2 1 0.028t 
8 2 1 0.0289 


0.200 
0. 146 


1. 40-9. 55 
1-07-6-90 


Do 


.. do 


Do. 


Do 


... do 


0. 414 2. 04-9. 09 


Do- 


Do* 


... do 


8 
10 
11 
17 


2 1 0.0282 
2 0. 0282 
2 0. 03175 
2 ' 0.0.^17 


0. 152 1. 52-9. 09 i Dn. 


Do. 


... do 


0. 154 1. 25-8. 00 
0. 158 1. 03-7. 14 
0. l.'>4 0. 98-7. 1.q 


Do. 


Dot 

Do 


...do 

do 


Do. 
Do. 


Do 


...do 


18 1 2 0.03165 1 0.159 0.79-6.76 
22 11 0.00748 1 0. on 1 1 39i-9. I.^i 


Do. 


Do 


HerschelNo. 12. 
Ellis No. 6 


Do. 


Saint Louis. Mo 




1 1 0.0632 

1 0. 056 
1 0. 0627 


0.110 ' 

1 

0. 205 ! 2. 30-8. 00 
0.121 . 2-0I-.'>..^i2 


In reaervoip. 


Paducah, Ky+.. 
Do§. ....... 


do ..'. 

do 


6 
5 


In a pond. 
Do. 















* With new weight. 



t With new wheel. 



X With weight. 



§ Without weight. 



Velocities in feet per second at each tenth of depth as resulting from the velocity observation 

made at Paducah, Ey., in IQSii. 

STATION 1. 



Depth. 


Surface. 


.1 


.2 
L53 


.3 
L55 


.4 


1 
.5 


.6 


.7 


.8 
1.35 


.9 


Bottom. 


14 


1.50 


' L50 


1.56 


1.53 


L43 


1.41 


L27 


0.81 


15 


L43 


1,46 


1.52 


1.66 


1.61 


L66 


LC9 


L69 


L51 


L42 


L17 


10 


1.30 


1.30 


1.27 


L33 


L30 


1.24 


L27 


1.27 


1.24 


L20 


L05 


20 


1.84 


1.84 


1.90 


1.76 


L70 


L70 


L63 


L62 


1.56 


L51 


L52 


12 


1.71 


1.72 


1.80 


1.75 


1.71 


L70 


L74 


1.66 


1.54 


L47 


L33 


14 


L74 


1.76 


1.83 


1.84 


1.79 


L8U 


L69 


1.70 


L61 


L47 


L27 


10 


L58 


L58 


1.60 


L59 


1 52 


L52 


1.46 


L&5 


1.60 


L33 


L30 


16 


1.30 


1.27 


L28 


1.27 


1.19 


L26 


L24 


L18 


1.24 


L24 


L14 


14 


L30 


1.27 


L23 


1.22 


L25 


L23 


1.14 


1.14 


LOS 


LOS 


0.83 


12 


1.17 


L17 


L15 


L16 


1.14 


1.13 


L06 


1.07 


1.08 


L04 


0.86 


10 


0.89 


0.89 


0.90 


0.89 


0.89 


0.83 


0.87 


0.80 


0.79 


0.60 


0.41 


Hean8=13.4 


L43 


L43 


L46 


1.46 


1.43 


1.42 


L88 


1.37 


L32 


L24 


L06 



STATION 2. 



86 


L94 


LOS 


2.19 


2.26 


2.19 


2.12 


2.05 


L7S 


L76 


1.65 


L20 


33 


1.91 


1.95 


2.07 


2.10 


2.30 


2.25 


2.05 


L91 


L74 


L44 


L20 


22 


LSI 


1.85 


2.01 


2.03 


L96 


L93 


1.97 


L89 


L77 


1.63 


L27 


26 


2.22 


2.25 


2.22 


2.34 


2.25 


2.20 


2.25 


2.06 


L87 


L74 


L49 


26 


2.03 


2.10 


2.19 


2.26 


2.25 


2.26 


2.19 


2.11 


L90 


L7S 


L43 


23 


2.19 


2.33 


2.26 


2.30 


2.29 


2.25 


2.23 


2.17 


2.01 


LSO 


L55 


22 


2.22 


2.22 


2.18 


2.14 


2.07 


2.04 


2.03 


2.00 


L89 


L77 


L46 


20 


L90 


LOO 


L90 


1.87 


L86 


L75 


L69 


L72 


L56 


L43 


L17 


19 


L71 


L73 


1.78 


L75 


L71 


L74 


Le2 


L66 


L58 


L33 


Lll 


19 


L58 


L58 


L60 


L69 


L53 


L54 


L41 


L37 


L34 


L22 


0.98 


" 


L49 


L49 


L45 


1.45 


L46 


L43 


1.34 


L24 


L17 


L20 


L04 


HeanB= 23. 9 


L91 


L94 


L99 


2.02 


L99 


L96 


L89 


LSI 


L69 


L64 


L26 



H. Ex. 64 11* 



JO 






m L 



1 • 



^i 
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Felodties in feet per second at each tenth of depths j'c. — Continued. 

STATION 7. 



Depth. 


Surface. 


.1 


.2 


.3 


.4 


.6 


.6 


.7 


.8 


.9 


Bottom. 


63 


5.18 


5.51 


5.70 


5.76 


5.17 


6.97 


■ 
5.94 


5.73 


4.53 


3.87 


3.20 


52 


5.35 


5.00 


5.02 


5.00 


4.63 


4.69 


4.86 


4.00 


4.23 


3.89 


2.48 


39 


2.58 


2.55 


2.01 


2.58 


2.62 


2.80 


2.78 


2.75 


2.74 


2. 28 


2.13 


27 


2.53 


2,72 


2.82 


2.81 


2.02 


2.88 


2.79 


2.62 


2.52 


2.40 


1.96 


17 


2.00 


2.00 


1.92 


1.98 


1.94 


1.96 


1.88 


1.78 


1.71 


1.59 


1.55 


20 


2.79 


2.72 


2.69 


2.63 


2.57 


2.47 


2.47 


2.44 


2. 31 


2.25 


1.90 


17 


2.25 


2.22 


2.08 


2.10 


2.05 


2.05 


1.95 


1.92 


1.83 


1.67 


1.49 


14 


1.87 


1.88 


1.88 


1.90 


1.80 


1.68 


1.73 


1.74 


1.66 


1.48 


1.49 


15 


2.09 


2.08 


2.06 


1.94 


1.94 


1.90 


1 89 


1.88 


1.85 


1.67 


1.36 


16 


2.25 


2.25 


2.15 


2.10 


2.19 


2.03 


2.00 


1.90 


2. 00 


1.71 


1.65 


14 


1.80 


1.83 


1.86 


1.75 


1.71 


1.73 


1.75 


1.60 


1.46 


1.36 


1.27 


14 


1.46 


1.44 


1.37 


1.83 


1.33 


1.35 


1.31 


1.23 


1.18 


1.01 


1.17 


11 


1.14 


1.14 


1.14 


1.11 


1.08 


1.11 


0.98 


0.98 


1.01 


0.95 


0.89 


14 


1.37 


1.37 


1.31 


1.35 


1.37 


1.33 


1.31 


1.27 


1.24 


1.18 


1.11 


M6aiis=23. 8 


2.48 


2.48 


2.47 


2.45 


2.38 


2.42 


2.40 


2.27 


2.16 


1.95 


1.69 



STATION 8. 



23 


3.05 


3.05 


3.00 


2.95 


2.85 


2.80 


2.62 


2.72 


2.49 


2.26 


2.10 


31 


2.69 


2.72 


2.72 


2.78 


2.83 


2.97 


3.08 


2.89 


2.72 


2.58 


2.38 


21 


2.88 


2.91 


2.91 


2.85 


2.75 


2.60 


2.53 


2.44 


2.47 


2. 15 


1.87 


10 


1.96 


1.96 


1.89 


1.87 


1.92 


1.90 


1.89 


1.97 


1.97 


1.83 


1.74 


15 


2.72 


2.69 


2.60 


2.46 


2.35 


2.49 


2.52 


2.31 


2.43 


2.26 


1.87 


10 


2.12 


2.12 


2.10 


2.06 


2.05 


2.06 


2.09 


2.00 


1.88 


1. 8.> 


1.68 


9 


2.19 


2.08 


2.03 


2.04 


2.03 


1.96 


1.93 


1.92 


1.70 


1.58 


1.58 


10 


2.19 


2.19 


2.13 


2.09 


1.96 


2.12 


2.00 


2.07 


1.89 


1.95 


1.58 


10 


2.25 


2.25 


2.22 


2.25 


2.09 


2.22 


2.22 


2.06 


1.87 


1.93 


1.90 


8 


1.93 


1.93 


1.95 


1.94 


1.95 


1.86 


1.92 


1.79 


1.78 


1.70 


1.55 


7 


1.39 


1.39 


1.38 


1.36 


1.36 


1.34 


1.34 


1.30 


1.23 


1.37 


1.11 


6 


1.14 


1.14 


1.14 


1.14 


1.14 


1.04 


l.Ol 


1.01 


0.>'9 


0.86 


0.86 


8 


1.42 


1.43 


1.42 


1.34 


1.37 


1.36 


1.26 


1.23 


1.15 


1.13 


1.01 


Meaiis=13. 


2.15 


2.14 


2.11 


2.09 


2.05 


2.06 


2.03 


1.98 


1.88 


1.80 


1.63 



STATION 9. 



62 


5.29 


5.41 


5.02 


5.09 


5.00 


4.74 


5.04 


4.60 


4.10 


4.12 


2.76 


37 


4.70 


4.71 


4.59 


4.56 


4.47 


4.42 


4.02 


3.63 


3.57 


3.30 


2.50 


25 


2.89 


2.80 


2.83 


2.63 


2.60 


2.63 


2.57 


2.25 


2.22 


1.96 


1.76 


27 


3.40 


3.38 


3.40 


3.10 


2 96 


2.83 


2.69 


2.49 


2.34 


2.30 


2.06 


21 


2.98 


2.88 


2.85 


2.85 


2.60 


2.63 


2.44 


2.41 


2.12 


2.19 


2.03 


10 


2.03 


2.03 


2 03 


2.03 


2.00 


2.03 


1.93 


1.93 


1.68 


1.81 


1.61 


14 


2.75 


2.68 


2.69 


2.58 


2.58 


2.53 


2.36 


2.20 


2.25 


2.23 


2.09 


10 


2.15 


2.15 


2.12 


2.07 


2.18 


2.06 


2.13 


1.90 


1.91 


1.77 


1.90 


9 


2.09 


2.09 


2.06 


2.06 


2.01 


1.93 


1.81 


1.92 


1.75 


1.72 


1.30 


9 


2.15 


2.15 


2.11 


2.13 


2.18 


2.12 


2.08 


2.09 


1.97 


1.92 


1.77 


10 


2.34 


2.34 


2.24 


2.24 


2.14 


2.06 


2.02 


1.95 


1.94 


1.92 


1.61 


8 


2.00 


2.00 


2.01 


1.94 


1.90 


1.86 


1.80 


1.73 


1.70 


1.54 


1.49 


6 


1.49 


1.49 


1.48 


1.42 


1.42 


1.42 


1.41 


1.35 


1.33 


1.26 


1.11 


5 


1.33 


1.33 


1.33 


1.32 


1.29 


1.27 


1.19 


1.15 


1.15 


1.14 


1.01 


7 


1.49 


1.49 


1.52 


1.46 


1.39 


1.33 


1.36 


1.36 


1.36 


1.20 


1.17 


Meaiis=17. 3 


2.60 


2.60 


2.55 


2.50 


2.45 


2.39 


2.32 


2.20 


2.09 


2.02 


1.74 



STATION 10. 



27 


3.62 


3.38 


3.25 


3.13 


2.98 


2.83 


2.60 


2.64 


2.35 


2.12 


1.91 


22 


3.01 


2.95 


2.84 


2.74 


2.66 


2.53 


2.55 


2.32 


2. 32 


2.12 


1.84 


12 


2.03 


2.03 


2.01 


1.98 


2. 13 


1.96 


1.98 


1.90 


1.78 


1.77 


1.65 


11 


2.15 


2.16 


2.14 


2.14 


2.10 


2.16 


2.07 


1.95 


. 1.86 


1.78 


1.58 


10 


2.12 


2.12 


2.12 


2.02 


1.88 


2.00 


1.9i 


1.99 


1.90 


1.73 


1.81 


10 


2.19 


2.19 


2.21 


2.17 


2.02 


2.06 


2.03 


1.87 


1.91 


1.75 


1.68 


11 


2.34 


2.34 


2.28 


2.06 


2.15 


2.19 


2.15 


2.09 


1.90 


1.81 


1.74 


9 


2.03 


2.03 


2.08 


2.09 


2.00 


2.00 


1.90 


1.85 


1.84 


1.76 


1.68 


7 


1.52 


1.52 


1.53 


1.57 


1.55 


1.55 


1.51 


1.45 


1.38 


1.29 


1.14 


6 


1.30 


1.30 


1.30 


1.27 


1.23 


1.17 


1.22 


1.18 


1.12 


1.07 


1.04 


7 


1.68 


1.66 


1.64 


1.59 


1.48 


1.52 


1.45 


1.45 


1.38 


1.31 


1.11 


Heans=12. 


2.18 


2.15 


2.13 


2.07 


2.01 


2.00 


1.94 


1.88 


1.79 


1.68 


1.56 
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Velocities in feet per second at each tenth of depths ^c. — ^Continaed. 

STATION 3. 



Depth. 



57 
37 
36 
25 
30 
30 
27 
26 
27 
23 
22 
22 



Heau8=30.2 



Surface. , . 1 



4.10 
2.05 
2.41 
2.25 
2.53 
2.44 
2.63 
2.37 
2.57 
1.80 
1.71 
1.65 



4.21 
2.22 



I - 



2. 25 

i.m 

2. 52 
2.54 
2.30 
2. CO 
2.03 
1.65 
1.65 



.2 



4.32 
2.37 
2.38 
OH 
60 
53 
60 
2.34 
2.50 
1.97 
1.65 
1.75 



2. 
»> 

2. 

2. 



2.38 I 2.41 I 2.42 



.3 



4.35 

2.47 

2.32 i 

2. 02 I 

2. 66 

2.57 

2.60 

2.39 

2.53 

1.97 

1.65 

1.72 



2.44 



.4 



4.16 
2.45 
2. 3a 
l.M 
2. 75 
2.57 



2. 
2. 



47 
41 
2.36 
2. 02 
1.64 
1.74 



2.40 



.5 



4.07 

2.44 
1.98 
2. 6« 
2.57 
2.47 
2.24 
2.41 
1.90 
1.66 
1.54 



.6 



3.02 
2.35 
2.41 
2. 00 
2.53 
2. 52 
2.27 
2 28 
2.37 
1.81 
1.57 
1.49 



2. 35 2. 29 



.7 



3.67 
2 26 
2. 11 
1.90 
2.34 
2.37 
2.38 
2.17 
2.17 
1.75 
1.52 
1.46 



.8 


.9 


3.39 


2.78 


2. 07 


1.91 


2.06 


1.91 


1.58 


1.50 


2.15 


2.0O 


2. 28 


2. 27 


2.15 


1.93 


2.09 


1.98 


2 20 


1.94 


1.69 


l.Gl 


1.42 


1.34 


1.36 


1.37 



2. 18 2. 04 1. 88 



Bottom. 



2.ie 


1.37 


1.20 


1.36 


1.1l 


1.74 


1.65 


1.71 


1.71 


1.30 


1.11 


1.U 



L51 



STATION 4. 



72 


6.25 


6.30 


6.56 


5.72 


5.91 


5.80 


6.00 


5.27 


5.33 


5.46 


2.81 


70 


4.58 


5.48 


4.89 


5.32 


5.00 


5.03 


5.00 


4.08 


4.63 


3.16 


1.64 


43 


2.66 


2.70 


2.60 


2.72 


2.67 


2.78 


2 77 


2.63 


2.48 


2.08 


1.58 


42 


2.:^5 


2.33 


2.31 


2.47 


2.48 


2.58 


2.54 


2.35 


2.09 


2.01 


L53 


87 


2.70 


2.45 


2.48 


2..'i3 


2.48 


2.51 


2.65 


2.58 


2.39 


2.19 


1.59 


27 


2.09 


2.00 


2.17 


1.93 


2.01 


2.00 


1 90 


1.77 


1.76 


1.61 


1.43 


31 


2.91 


2.85 


2.85 


2.H5 


2.95 


2.98 


2.91 


2.69 


2.53 


2.15 


1.90 


30 


2 57 


2.74 


2.79 


2.79 


2. 82 


2.82 


2.84 


2.68 


2 43 


2.27 


1.74 


25 


2.19 


2.05 


2.2u 


2. 02 


2.04 


1.96 


1.93 


l.t»3 


1.73 


1.56 


1.49 


27 


• 2.44 


2.41 


2.51 


2.20 


2.30 


2.22 


2.21 


2.06 


2 00 


L75 


1.49 


27 


2.41 


2.37 


2.62 


2.52 


2.46 


2.42 


2.36 


2.18 


2.41 


1.93 


1.44 


25 


2.03 


2.10 


2.07 


1.90 


2.00 


2.01 


1.98 


1.93 


1.78 


1.64 


1.46 


24 


1.84 


1.;B6 


1.89 


1.98 


1.84 


1.84 


1.92 


1.89 


1.68 


1.64 


1.33 


23 


1.80 


1.81 


1.89 


1.80 


1.76 


1.84 


1.86 


1.77 


1.67 


1.50 


1.36 


22 


1.84 


1.86 


1.74 


1.74 


1.68 


1.63 


1 56 


1.46 


1.36 


1.36 


0.86 


Means— 35. 


2.71 


2.75 


2.77 


2.70 


2.69 


2.69 


2.70 


2.48 


2.42 


2.15 


1.58 



STATION 6. 



S6 


5,13 


4.95 


5.04 


5.03 


4.98 


4.69 


4.56 


4.41 


3.99 


3.65 


3.04 


40 


2.38 


2.55 


2.72 


2.66 


2.75 


2.78 


2.75 


2.52 


2.38 


2.22 


1.68 


36 


2.86 


2.67 


2.61 


2.65 


2. 65 


2.86 


2.88 


2.76 


2.68 


2.17 


1.78 


25 


2.37 


2. 18. 


2.03 


2.16 


2.12 


2.14 


2.19 


2.06 


1.81 


1.50 


1.20 


31 


3.04 


2.98 


3.07 


3.07 


3.07 


3.13 


2 98 


2.01 


2.63 


2.34 


1.93 


28 


2.75 


2.73 


2.73 


2.79 


2.84 


2.85 


2.71 


2.65 


2.46 


2.40 


1.87 


25 


2.15 


2.05 


2.06 


2.08 


2.18 


2.03 


2.04 


2.11 


1.82 


1.74 


1.49 


26 


2.50 


2.48 


2.34 


2.44 


2.44 


2.34 


2.37 


2.26 


2.12 


2.00 


1.46 


27 


2.60 


2.43 


2.50 


2.57 


2.:{4 


2.35 


2.30 


2.24 


2. 23 


1.90 


1.58 


24 


2.19 


2.14 


1.93 


1.87 


2.03 


1.80 


1.84 


1.85 


1.90 


1 72 


1.39 


23 


1.87 


1.84 


1.87 


1.87 


1.83 


1.84 


1.75 


1.74 


1.64 


1.45 


1.42 


20 


1.68 


1.68 


1.69 


1.68 


1.67 


1.64 


1.56 


1.48 


1.41 


1.30 


0.63 


Heaii8=30. 1 


2.63 


2.56 


2.55 


2.57 


2.58 


2.54 


2.49 


2.42 


2.26 


2.03 


1.62 



STATION 6. 



66 


4.88 


5.95 


5.55 


5.70 


5.45 


5.78 


5.13 


5.13 


4.56 


4.26 


3.41 


40 


2.16 


2.24 


2.41 


2.41 


2. 52 


2.69 


2.04 


2.80 


2.66 


2.38 


1.96 


34 


2.69 


2.65 


2.64 


2.66 


2.78 


2.86 


2.K6 


2.61 


2.47 


2.05 


1.90 


24 


1.84 


2.12 


2.20 


2 06 


1.97 


2.10 


1.96 


1.79 


1.68 


1.54 


1.43 


28 


3.07 


3.01 


3.02 


3.01 


3.04 


2,87 


2.72 


2 60 


2.60 


2 34 


2.03 


26 


2.82 


2.80 


2. 70 


2.08 


2. 72 


2. 62 


2. 53 


2.42 


2.34 


2. 26 


1.96 


23 


2.12 


2.07 


2.00 


1.98 


1.91 


2.00 


1.92 


l.h8 


1.78 


1.59 


1.58 


23 


2.28 


2.26 


2. 17 


2. 27 


2.24 


1.90 


1.93 


1.92 


1.^6 


1.70 


1.55 


24 


2.50 


2.47 


2.44 


2. 3? 


2. 2rt 


2.33 


2.13 


2.07 


2.00 


2.06 


1.58 


21 


1.93 


1 96 


1.87 


J. 87 


1.77 


1.77 


1.08 


1.68 


1.58 


1.58 


1.30 


20 


1.62 


1.62 


1.62 


1.55 


1.58 


1. .52 


1.46 


1.49 


1.33 


1.33 


1.20 


20 


1.52 


1. 40 


1.49 


1.39 


1.37 


1.41 


1.37 


1.41 


1.26 


1.15 


1.08 


20 


1.71 


1.65 


1.62 


1.62 


1.55 


1.55 


1.50 


1.31 


1.31 


1.38 


1.17 


Heftn8=^28.4 


2.41 


2.4H 


2.45 


2. 42 


2 40 


2.42 


2.32 


2.24 


2.11 


1.9V 


1.70 
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Felocities in feet per second at each tenth of depth, ^o. — Continued. 

STATION 7. 



Depth. 


Surface. 


.1 


.2 


.3 


.4 


.5 


.6 


.7 


.8 


.9 


Bottom. 


63 


5.18 


5.51 


5.70 


5.76 


5.17 


5.97 


5.94 


5.73 


4.53 


3.87 


3.20 


52 


5.35 


5.00 


5.02 


5.00 


4.63 


4.69 


4.86 


4.00 


4.23 


3.80 


2.48 


39 


2.58 


2.55 


2.01 


2.58 


2,62 


2.80 


2.78 


2.75 


2.74 


2. 28 


2.13 


27 


2.53 


2.72 


2.82 


2.81 


2.02 


2.88 


2.79 


2.62 


2.52 


2.40 


1.96 


17 


2.00 


2.00 


1.92 


1.98 


1.94 


1.96 


1.88 


1.78 


1.71 


1.59 


1.55 


20 


2.79 


2.72 


2.69 


2.63 


2.57 


2.47 


2.47 


2.44 


2.31 


2.25 


1.90 


17 


2.25 


2.22 


2.08 


2.10 


2.05 


2.U5 


1.95 


1.92 


1.83 


1.67 


1.49 


14 


1.87 


1.88 


1.88 


1.90 


1.80 


1.68 


1.73 


1.74 


1.66 


1.48 


1.49 


15 


2.09 


2.08 


2.06 


1.94 


1.94 


1.90 


1 89 


1.88 


1.85 


1.67 


1.36 


16 


2.25 


2.25 


2.15 


2.10 


2.19 


2.03 


2.00 


1.90 


2.00 


1.71 


1.65 


14 


1.80 


1.83 


1.86 


1.75 


1.71 


1.73 


1.75 


1.60 


1.46 


1.36 


1.27 


14 


1.46 


1.44 


1.37 


1.83 


1.33 


1.35 


1.31 


1.23 


1.18 


1.01 


1.17 


11 


1.14 


1.14 


1.14 


1.11 


1.08 


l.ll 


0.98 


0.98 


1.01 


0.95 


0.89 


14 


1.37 


1.37 


1.31 


1.35 


1.37 


1.33 


1.31 


1.27 


1.24 


1.18 


1.U 


Means=23. 8 


2.48 


2.48 


2.47 


2.45 


2.38 


2.42 


2.40 


2.27 


2.16 


1.95 


1.69 



STATION 8. 



23 


3.05 


3.05 


3.00 


2.95 


2.85 


2.80 


2.62 


2.72 


2.49 


2.26 


2.10 


31 


2.69 


2.72 


2.72 


2.78 


2.83 


2.97 


3.U8 


2.89 


2. 72 


2.58 


2.38 


21 


2.88 


2.91 


2.91 


2.85 


2.75 


2.60 


2.53 


2.44 


2.47 


2. 15 


1.87 


10 


1.96 


1.96 


1.89 


1.87 


1.92 


1.90 


1.89 


1.97 


1.97 


1.83 


1.74 


15 


2.72 


2.69 


2.60 


2.46 


2.35 


2.49 


2.52 


2.31 


2.43 


2.26 


1.87 


10 


2.12 


2.12 


2.10 


2.06 


2.05 


2.06 


2.09 


2.00 


1.88 


1. 8.> 


1.68 


9 


2.19 


2.08 


2.03 


2.04 


2.03 


1.96 


1.93 


1.92 


1.70 


1.58 


1.58 


10 


2.19 


2.19 


2.13 


2.U9 


1.96 


2.12 


2.00 


2.07 


1.89 


1.95 


1.58 


10 


2.25 


2.25 


2.22 


2.25 


2.09 


2.22 


2.22 


2.06 


1.H7 


1.93 


1.90 


8 


1.93 


1.93 


1.95 


1.94 


1.95 


1.86 


1.92 


1.79 


1.78 


1.70 


1.55 


7 


1.39 


1.39 


1.38 


1.36 


1.36 


1.34 


1.34 


1.30 


1.23 


1.37 


1.11 


6 


1.14 


1.14 


1.14 


1.14 


1.14 


1.04 


1.01 


1.01 


0.H9 


0.86 


0.86 


8 


1.42 


1.43 


1.42 


1.34 


1.37 


1.36 


1.26 


1.23 


1.15 


1.13 


1.01 


Meana=13. 


2.15 


2.14 


2.11 


2.09 


2.05 


2.06 


2. 03 


1.98 


1.88 


1.80 


1.63 



STATION 9. 



62 


5.29 


5.41 


5.02 


5.09 


5.00 


4.74 


5.04 


4.60 


4.10 


4.12 


2.76 


37 


4.70 


4.71 


4.59 


4.56 


4.47 


4.42 


4.02 


3.63 


3.57 


3.30 


2.50 


25 


2.89 


2.80 


2.83 


2.63 


2.60 


2.63 


2.57 


2.25 


2.22 


1.96 


1.76 


27 


3.40 


3.38 


3.40 


3.10 


2 96 


2.83 


2.69 


2.49 


2.34 


2.30 


2.06 


21 


2.98 


2.88 


2.85 


2.85 


2.60 


2.63 


2.44 


2.41 


2.12 


2.19 


2.03 


10 


2.03 


2.03 


2 03 


2.03 


2.00 


2.03 


1.93 


1.93 


1.68 


1.81 


1.61 


14 


2.75 


2.68 


2.69 


2.58 


2.58 


2.53 


2.36 


2.29 


2.25 


2.23 


2.09 


10 


2.15 


2.15 


2.12 


2.07 


2.18 


2.06 


2.13 


1.90 


1.91 


1.77 


1.90 


9 


2.09 


2.09 


2.06 


2.06 


2.01 


1.93 


1.81 


1.92 


1.75 


1.72 


1.30 


9 


2.15 


2.15 


2.11 


2.13 


2.18 


2.12 


2.08 


2.09 


1.97 


1.92 


1.77 


10 


2.34 


2.34 


2.24 


2.24 


2.14 


2.06 


2.02 


1.95 


1.94 


1.92 


1.61 


8 


2.00 


2.00 


2.01 


1.94 


1.90 


1.86 


1.80 


1.73 


1.70 


1.54 


1.49 


6 


1.49 


1.49 


1.48 


1.42 


1.42 


1.42 


1.41 


1.35 


1.33 


1.26 


1.11 


5 


1.33 


1.33 


1.33 


1.32 


1.29 


1.27 


1.19 


1.15 


1.15 


1.14 


1.01 


7 


1.49 


1.49 


1.52 


1.46 


1.39 


1.33 


1.36 


1.36 


1.36 


1.20 


1.17 


Heaii8=17.3 


2.60 


2.60 


2.55 


2.50 


2.45 


2.39 


2.32 


2.20 


2.09 


2.02 


L74 



STATION 10. 



27 


3.62 


3.38 


3.25 


3.13 


2.98 


2.83 


2.60 


2.64 


2.35 


2.12 


1.91 


22 


3.01 


2.95 


2.84 


2.74 


2.66 


2.53 


2.55 


2.32 


2. 32 


2.12 


1.84 


12 


2.03 


2.03 


2.01 


1.98 


2.(3 


1.96 


1.98 


1.90 


1.78 


1.77 


1.65 


11 


2.15 


2.16 


2.14 


2.14 


2.10 


2.16 


2.07 


1.95 


. 1.88 


1.78 


1.58 


10 


2.12 


2.12 


2.12 


2.02 


1.88 


2.00 


1.9i 


1.99 


1.90 


1.73 


1.81 


10 


2.19 


2.19 


2.21 


2.17 


2.02 


2.06 


2.03 


1.87 


1.91 


1.75 


1.68 


11 


2.34 


2.34 


2.28 


2.06 


2.15 


2.19 


2.15 


2.09 


1.90 


1.81 


1.74 


9 


2.03 


2.03 


2.08 


2.09 


2.00 


2.00 


1.90 


1.85 


1.84 


1.76 


1.68 


7 


1.52 


1.52 


1.53 


1.57 


1.55 


1.55 


1.51 


1.45 


1.38 


1.29 


1.14 


6 


1.30 


1.30 


1.30 


1.27 


1.23 


1.17 


1.22 


1.18 


1.12 


1.07 


1.04 


7 


1.68 


1.66 


1.64 


1.59 


1.48 


1.52 


1.45 


1.45 


1.38 


1.31 


1.11 


Heans=12. 


2.18 


2.15 


2.13 


2.07 


2.01 


2.00 


1.94 


1.88 


1.79 


1.68 


L56 
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Depth. 



28 

20 

12 

16 

12 

11 

11 

12 

10 

8 

7 

8 



Velooitiee in feet per second at each tefUh of depth, fc. — Continued. 

STATION 11. 



Hean8=13. 



Surface. 



3.52 
2.60 
2.09 
2.66 
2.41 
2.34 
2.15 
2.41 
2.19 
1.71 
1.39 
1.74 



2.28 



.1 

3.37 


.2 
3.26 


.3 


■ 
.4 


.5 


.6 
2.75 


.7 
2.55 


3.18 


3.03 


2.91 


2.69 


2.64 


2.64 


2.57 


2.48 


2.39 


2.22 


2.09 


2.08 


2.03 


2.03 


2.03 


1.97 


1.89 


2.72 


2.75 


2.68 


2.85 


2.68 


2.69 


2.52 


2.40 


2.30 


2.33 


2.29 


2.15 


2.18 


2.20 


2.34 


2.31 


2.31 


2.15 


2.25 


2.19 


2.15 


2.15 


2.12 


2.09 


2.25 


2.12 


2.09 


1.93 


2.40 


2.33 


2.31 


2.28 


2.20 


2.23 


2.04 


2.19 


2.11 


2.09 


2.00 


2.06 


2.03 


1.90 


1.71 


1.69 


1.58 


1.62 


1.57 


1. 57 


1.59 


1.39 


1.40 


1.33 


1.34 


1.34 


1.25 


1.18 


1.75 


1.75 


1.59 


1.69 


1.65 


1.69 


1.60 


2.27 


2.23 


2.18 


2.17 


2.12 


2.C9 


1.98 



.8 



2.36 
2.22 
1.85 
2.41 
1.94 
1.96 
1.84 
1.91 
1.93 
1.49 
1.19 
1.43 



1.88 



.9 



2.16 
2.20 
1.78 
2.38 
2.06 
1.93 
1.96 
1.90 
1.89 
1.45 
1.17 
1.38 



1.85 



Bottom. 



1.81 
L81 
1.68 
2.19 
1.71 
1.87 
1.81 
1.74 
1.58 
1.27 
1.01 
1.33 



1.65 



STATION 12. 



41 

28 

29 

17 

13 

12 

12 

14 

11 

9 

8 

9 



HeaiiB=17. 



4.65 
2.78 



4. 50 
2.73 



3.30 


3. 24 


3. 17 


3.13 


2.37 


2.37 


2.50 


2.50 


2.31 


2.32 


2.60 


2.61 


2.23 


2.22 


1.71 


1.71 


1.55 


1.51 


1.90 


1.90 


2.59 


2.56 



4.50 
2.71 
3.07 
3.06 
2.41 
2.44 
2.37 
2.50 
2.22 
1.79 
1.54 
1.87 



2.54 



4.48 
2.51 
2.89 
3.07 
2.38 
2.47 
2.28 
2.46 
2.28 
1.75 
1.41 
1.78 



2.48 



4.27 ' 
2.61 t 
2.73 , 
2.98 I 
2.30 ; 
2.34 I 
2.21 I 
2.51 
2.25 
1.72 
1.36 
1.68 



2.40 



3.84 
2.46 
2.61 
2.91 
2.28 
2.12 
2.15 
2.42 
2.22 
1.68 
1.36 
1.62 



2.30 



3.91 


3.79 


3.58 


3.16 


2.28 


2.33 


2 16 


2.06 


1.90 


L68 


2.48 


2.39 


2.23 


2.03 


1.69 


2.89 


2.72 


2.62 


2.53 


2.19 


2.23 


2.16 


2.00 


2.05 


1.90 


2.03 


2.15 


2.00 


2.09 


1.77 


2.20 


2.15 


2.06 


1.92 


1.87 


2.33 


2.34 


2.13 


2.02 


1.90 


2.12 


1.96 


2.03 


1.84 


L77 


1.64 


1.64 


1.58 


1.37 


1.49 


1.42 


1.36 


1.37 


1.22 


1.20 


1.68 


1.58 


1.62 


1.52 


1.49 


2.26 


2.20 


2.11 


1.97 


1.76 



STATION 13. 



82 


3.47 


3.40 


3.48 


8.42 


3.19 


3.27 


3.14 


2.99 


2.70 


2.67 


2.43 


31 


3.24 


3.18 


2.99 


2.83 


2.70 


2.51 


2.41 


. 2.19 


2.06 


1.81 


1.37 


21 


2.79 


2.75 


2.75 


2.69 


2.66 


2.57 


2.50 


2.37 


2.15 


2.12 


1.74 


14 


2.28 


2.25 


2.19 


2.15 


2.13 


2.06 


2.07 


2.06 


2.00 


1.96 


L71 


14 


2.69 


2.67 


2.70 


2.63 


2.55 


2.60 


2.57 


2.45 


2.26 


2.15 


2.09 


13 


2.37 


2.38 


2.36 


2.35 


2.32 


2.22 


2.20 


2.15 


2.00 


1.82 


1.20 


14 


2.75 


2.72 


2.56 


2.59 


2.59 


2.47 


2.46 


2.36 


2.21 


2.08 


1.68 


11 


2.31 


2.31 


2.34 


2.34 


2.28 


2.25 


2.31 


2.09 


2.12 


1.93 


1.80 


9 


1.90 


1.90 


1.84 


1.87 


1.78 


1.72 


1.71 


1.62 


1.58 


1.46 


1.49 


9 


1.55 


1.52 


1.49 


1.49 


1.42 


1.50 


1.39 


1.28 


1.17 


1.24 


1.80 


10 


1.93 


1.93 


1.93 


1.87 


1.83 


1.90 


1.79 


1.78 


1.74 


1.56 


L74 


KeaiiB=16. 2 


2.48 


2.46 


2.42 


2.38 


2.31 


2.28 


2.23 


2.12 


2.00 


1.89 


1.69 



STATION 14. 



42 


4.19 


4.18 


4.16 


3.87 


3.96 


3.86 


3.40 


3.64 


3.30 


2.31 


L86 


81 


3.24 


3.14 


2.99 


2.73 


2.70 


2.67 


2.32 


2.32 


2.09 


1.81 


0.96 


21 


2.91 


2.96 


2.82 


2.79 


2.66 


2.57 


2.47 


2.34 


2.15 


1.90 


1.61 


14 


2.34 


2.35 


2.32 


2.25 


2.16 


2.15 


2.13 


2.09 


1.94 


1.81 


1.71 


14 


2.81 


2.31 


2.27 


2.25 


2.22 


2.12 


2.06 


2.02 


1.92 


1.76 


1.77 


13 


2.85 


2.83 


2.73 


2.64 


2.60 


2.68 


2.49 


2.47 


2.35 


2.17 


1.93 


12 


2.41 


2.39 


2.27 


2.33 


2.32 


2.31 


2.32 


2.16 


2.02 


1.86 


1.81 


13 


2.66 


2.67 


2.60 


2.53 


2.54 


2.44 


2.36 


2.36 


2.39 


2.22 


2.03 


14 


2.63 


2.60 


2.49 


2.52 


2.64 


2.52 


2.44 


2.29 


2.07 


1.94 


L77 


11 


2.60 


2.50 


2.44 


2.81 


2.22 


2.19 


2.19 


1.96 


1.93 


1.77 


1.77 


10 


2.03 


2.03 


2.00 


1.99 


1.93 


2.00 


1.87 


1.86 


1.88 


1.78 


1.58 


8 


L65 


1.66 


1.61 


L53 


1.50 


1.42 


1.47 


L41 


1.46 


1.34 


L14 


Mean8-17. 


2.64 


2.63 


2.66 


2.48 


2.45 


2.39 


2.29 


2.26 


2.12 


1.89 


1.06 
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Veloeities in feet per second at each tenth of depth ^ ^c, — Continued. 

STATION 15. 



Depth. 


Surface. 


.1 
4.93 


.2 


.3 


.4 

5.10 


.5 
4.57 


. 6 
4.65 


.7 


.8 


.9 


Bottom. 


57 


4.99 


4.50 


4.86 


4.42 


3.79 


3.63 


2.86 


33 


2.96 


2.86 


2.76 


2.77 


2,72 


2.61 


2.43 


2.19 


2.02 


1.80 


1.30 


22 


2.53 


2.61 


2.49 


2.43 


2.33 


2.25 


2.14 


1.85 


1.85 


1.59 


1.11 


16 


2.19 


2.16 


2.09 


2.04 


1.96 


2.01 


1.93 


1.88 


1.81 


1.70 


1.58 


15 


2.66 


2.64 


2.57 


2.50 


2.44 


2.42 


2.41 


2.20 


2.12 


1.94 


1.84 


14 


2.37 


2.36 


2.28 


2.28 


2.21 


2.26 


2.23 


2.20 


1.19 


2.04 


1.87 


15 


2.66 


2 64 


2.64 


2.49 


2.41 


2.44 


2.44 


2.42 


2.25 


2.22 


1.61 


16 


2.66 


2.63 


2.63 


2.64 


2.63 


2.55 


2.53 


2.42 


2.41 


2.05 


2.06 


15 


2.63 


2.62 


2.60 


2.51 


2.36 


2.34 


2.35 


2.33 


2.22 


2.05 


1.81 


12 


2.41 


2.40 


2.32 


2.24 


2.24 


2.16 


2.08 


2.02 


1.94 


1.93 


1.74 


11 


1.87 


1.87 


1.93 


1.87 


1.87 


1.93 


1.77 


1.74 


1.74 


1.49 


1.30 


10 


1.58 


1.58 


1.61 


1.61 


1.57 


1.39 


1 1.46 


1.47 


1,47 


1.34 


1.27 


11 


2.06 


2.06 


2.04 


2.09 


2.07 


2.03 


i 1.93 


1.75 


1.77 


1.79 


1.62 


Heans=10. 


2.58 


2.57 


2.49 


2.49 


2.45 


2.38 


2.33 


2.22 


2.12 


1.97 


1.60 



STATION 16. 



35 


3.18 


25 


2.31 


19 


1.96 


21 


2.72 


18 


1.96 


18 


2.22 


18 


2.44 


18 


2.25 


15 


2.12 


13 


1.77 


12 


1.49 


12 


1.80 


Means==18. 7 


2.18 



3.03 

2.30 

1.90 

2.75 

1.99 

2.20 

2.37 

2.25 

2.11 

1.77 

1.48' 

1.86 



2.88 
2.29 
1.89 
2.69 
1.94 
2.20 
2.33 
2.13 
2.04 
1.74 
1.38 
1.73 

2.10 



2.62 


2.55 


2.21 


2.13 


1.83 


1.78 


2.60 


2.60 


1.96 


1.97 


2.21 


2.08 


2.34 


2.24 


2.18 


2.10 


2.03 


1.90 


1.72 


1.68 


1.37 


1.38 


1.81 


1.71 


2.07 

1 


2.01 



2.38 
2.03 
1.77 
2.57 
1.90 
2.14 
2.20 
2.02 
1.93 
1.68 
1.32 
1.90 

1.99 



2.23 


2.02 


1.92 


1.84 


1.69 


1.65 


2.37 


2.31 


1.70 


1.74 


1.99 


1.90 


2.08 


2.06 


1.97 


1.84 


1.91 


1.80 


1.65 


1.54 


1 31 


1.27 


1.82 


1.62 


1.89 


1.80 



1.94 


1.58 


1.71 


1.42 


1.54 


1.47 


2.15 


2.03 


1.58 


1.40 


1.79 


1.60 


1.92 


1.82 


1.73 


1.67 


1.73 


1.58 


1.44 


1.35 


1.18 


1.12 


1.46 


1.65 


1.68 


1.56 



MEAN VALUES OF STATION MEANS. 



LOS 
1.17 
1.24 
1.71 
1.24 
1.52 
1.48 
1.36 
1.42 
1.20 
1.01 
1.42 



1.32 











STATION 17. 












53 


3.59 


3.40 


^.84 


3.90 1 3.40 


3.28 


3.10 


3.01 


1 

2.44 


1.80 


1.21 


33 


2.57 


2.53 


2.26 


2. 08 I 1. 92 


1.75 


1.60 


1.40 


1.39 


1.27 


1.05 


24 


1.99 


1.83 


1.86 


1.72 : 1.75 


1.66 


1.52 


1.40 


1.34 


1.25 


0.89 


20 


1.68 


1.68 


1.53 


1. 41 1. 45 


1.38 


1.26 


1.23 


1.41 


1.33 


1.14 


23 


2.47 


2.42 


2.28 


2.27 ;• 2.12 


2.14 


2.02 


1.96 


2.09 


1.98 


1 46 


15 


1.17 


1.22 


1.30 


1.28 1 1.32 


1.27 


1.24 


1.32 


1.24 


1.09 


0.86 


19 


1.93 


1.88 


1.90 


2. 00 1. 85 


1.96 


1.94 


1.79 


1.71 


1.62 


1.56 


16 


1.81 


1.87 


1.86 


1. 93 1. 89 


1.77 


1.75 


1.65 


1.50 


1.29 


0.89 


15 


1.74 


1.69 


1.58 


1. 70 1. 60 


1.56 


1.37 


1.31 


1.19 


1.24 


1.01 


14 


1.42 


1.45 


1.53 


1 43 1. 37 


1.25 


1.19 


1.12 


1.08 


1.06 


0.79 


12 


0.95 


0.96 


1.05 


1. 09 1. 10 


1.14 


1.02 


0.90 


0.77 


0.84 


0.76 


14 


1.71 


1.69 


1.57 


1. 66 1. 60 


1 52 


1.45 


1.41 


1.40 


1.22 


1.24 


Mean8=21. 5 


1.92 


1.88 


1.88 


1. 87 1. 78 


1.72 


1.62 


1.54 


1.46 


1.33 


1.07 



Station 
No. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 



Surface. 



.1 



.2 



.3 



.4 



1.43 


1.43 


1.91 


1.94 


2.38 


2.41 


2.71 


2.75 


2.63 


2.56 


2.41 


2.48 


2.48 


2.48 


2.15 


2.14 


2.60 


2.60 


2.18 


2.15 


2.28 


2.27 


2.59 


2.56 


2.48 


2.46 


2.64 


2.63 


2.58 




2.18 


2.17 


1.92 


1.88 



Means: 



2.33 



2.32 



1.46 
1.99 
2.42 
2.77 
2.55 
2.45 
2.47 
2.11 
2.55 
2.13 
2.23 
2.54 
2.42 
2.56 
2.49 
2.10 
1.88 

2.30 



1.46 


1.43 


2.02 


1.99 


2.44 


2.40 


2.70 


2.69 


2,57 


2.58 


2.42 


2.40 


2.45 


2.38 


2.09 


2.05 


2.50 


2.45 


2.07 


2.01 


2.18 


2.17 


2.48 


2.40 


2.38 


2.31 


2.48 


2.45 


2.49 


2.45 


2.07 


2.01 


1.87 


1.78 



2.27 



2.23 



.5 


.6 


.7 
1.37 


.8 


.0 


Bottom^ 


1.42 


1.38 


1.32 


1.24 


1.06 


1.96 


1.89 


1.81 


1.69 


1.54 


1.26 


2.35 


2.29 


2.18 


2.04 


1.88 


1.51 


2.69- 


2.70 


2.48 


2.42 


2.15 


1.58 


2.54 


2.49 


2.42 


2.26 


2.03 


1.62 


2.42 


2.32 


2.24 


2.11 


1.97 


1.70 


2.42 


2.40 


2.27 


2.16 


1.95 


1.60 


2.06 


2.03 


1.98 


1.88 


1.80 


1.63 


2.39 


2.32 


2.20 


2.09 


2.02 


1.74 


2.00 


1.94 


1.88 


1.79 


1.68 


1.56 


2.12 


2.09 


1.98 


1.88 


1.85 


1.65 


2.30 


2 26 


2.20 


2.11 


1.97 


1.70 


2.28 


2.23 


2.12 


2.00 


1.89 


1.60 


2.39 


2.29 


2.26 


2.12 


1.89 


1.66 


2.38 


2.33 


2.22 


2.12 


1.97 


1.60 


1.99 


1.89 


1.80 


1.68 


1.56 


1.32 


1.72 


1.62 


1.54 


1.46 


1.33 


1.07 


2.20 


2.15 


2.06 


1.9J 


1.81 


1.54 
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Velocities in feet per second at each tenth of depth, ^o. — Continued. 
MEAN VALUES OF ALL OBSERVATIONS. 



Depth. 


Surface. 


.1 
2.34 


.2 .3 


.4 

2.25 


.5 
2.22 


.6 


.7 


.8 


.9 


Bottom. 




2.34 


2.32 


2.29 


2.17 


2.07 


1.97 


1.84 


1.55 



2. — Columbus, Kentucky. 
Ratings of meters used at Columhus, Ky. 



Locality. 



Date. 



Saint Louis . . . 

Oolumbns, Ky 

Do 

Do 

Do 

Do* 

Do* 

Do 

Do 

Do 

Do , 

Dot 

Dot 

Do 

Do 

Do 

Do 

Do 



3 

20 



188L 
Nov. 14 

1882. 
Mar. 17 
Apr. 
Apr. 
May 17 
May 23 
June 19 
July 11 
July 19 
Aug. 9 
Aug. 23 
Sept. 6 
Sept. 6 
Sept 19 
Sept. 19 
Oct. 14 
Oct. 30 
Nov. 20 






23 

23 

3 

3 

23 

23 

23 

6 

23 

23 

23 

6 

6 

23 

6 

6 

6 





P. 


jQ 


go d 


® OB 


P o 


«t:* a 


OS 


® 2 


4.9 S 


9 at 


Is 


•S^ 


00 m 


B 


•aS 




^ 


23 


1 


15 




14 




14 




17 




13 




13 




21 




38 




24 




20 




14 




13 




20 




21 




15 




16 




10 





a. 



0. 0639 



0. 
0. 
D. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



0604 
0647 
0574 
0634 
06:J5 
U634 
0634 
0605 
05P6 
0591 
0605 
0572 
0597 
0610 
05«3 
0591 
0646 



h. 



Range 
of velocities 
per second. 



0. 2578 

0.333 
0.416 
0.795 
0. 425 
0. 4074 
0. 2591 
0. 2843 
0. 2973 
0. 2689 
0. 2798 
0. 3323 
0.2611 
0. 2148 
0.2884 
0. 36U4 
0.4137 
0. 3010 



Feet, I 
2.140— 8.520 

1. 980— 6. 897 
3. 3H3— 9. 091i 
3.297—11.111 
1.734—10.000 
* 2. 973—10. 345 
2.586—10.310 
1. 154—10. 000 

0. 739—10. 345 
0. 826— 8. 000 
1. 176— 8. 000 

1. 031— 6. 667 
1. 333— 6. 452 
0. 699— 8. 696 
0. 877— 8. 333 

0. 990— 8. 333 

1. 000— 8. 696 
1. 149— 8. 000 



Where taken. 



Reservoir, Saint 

Louis. 
In backwater. 

Do. 
In a lake. 
In a small pond. 
In a lake. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 



♦With block. 



f Meter in bad condition. 



X Meter in good condition. 



Velocities in feet per second at each tenth of depth as resulting from the velocity observations 

made at ColumhuSy Ky,, in 1882. 



STATION 1. 



Depth. 


Surface. 


.1 


.2 


.3 


.4 
1.610 


.5 


.6 


.7 


.8 


.9 


Bottom. 


63.0 


0.868 


1.163 


1.506 


1.589 


1.631 


1. 620 1. 558 


L874 


L055 


0.868 



STATION 2. 



62.0 


3.329 


3. 508 


3.422 


3.306 


3.680 


52.0 


2.350 


2. 453 


2.476 


2.565 


2.675 


47.5 


2.182 


2. 500 


2.630 


2.680 


2.680 


38.0 


1.360 


1.515 


1.585 


1.550 


1. 575 


34.0 


0.895 


1.200 


1.350 


1.430 


1.489 


Means— 46. 6 


2.023 


2.235 


2.293 


2.3U6 


2.420 



3.370 
2.790 
2.585 
1. 603 
1.667 



3.720 


3. 320 


3.066 


2. 640 


2.150 


1.825 


2. 495 


2.410 


2.184 


1.590 


1.470 


1.320 


1.546 


1.426 


1.300 



2.900 
1.725 
1.830 
1.100 
1.150 



2.876 
L590 
L525 
0.757 
0.955 

1.441 
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Velocitiea in feet per ucond at each tenth of depthy ^o. — Continued. 

8TATI0N 3. 



Depth. 


Surface. 


.1 


.2 


.3 


.4 


.5 


.6 


.7 


.8 


.0 


Bottom. 


72.0 


4.231 


4.977 


5.020 


5.225 


5.160 


5.268 


4.870 


4.575 


4.752 


4.050 


3.8i3 


69.5 


4.472 


4.978 


4 820 


4.785 


4.860 


4.9!4 


4.780 


4.663 


4.475 


3.745 


3.329 


6&0 


4.663 


5.06U 


5.010 


5. 020 


5. 065 


4.979 


4.872 


4.575 


4.775 


4 180 


3.320 


70.0 


3.771 


4.630 


4.979 


5.040 


4.914 


4.914 


4.971 


4.853 


4.390 


4.080 


3.519 


66.5 


3.836 


4.49a 


4.603 


4. 626 


4.598 


4.480 


4.310 


4.200 


4.025 


4.090 


3.138 


62.0 


3.301 


4. o:so 


4.210 


4.126 


4. 075 


3.953 


3.718 


3.640 


3. 240 


2 450 


2.225 


62.0 


3. 329 


4.120 


4.380 


4.570 


4. 720 


4.630 


4.535 


4. .'>20 


4.250 


3. 700 


3.645 


66.0 


4. 090 


4. 300 


4 185 


4.630 


4.970 


4. 7t»0 


4.471 


4.290 


4.325 


3.500 


2.884 


59.0 


2. 823 


3.394 


3. 535 


^.Tll 


3.760 


3.709 


3. 825 


3. 820 


3. 520 


3.070 


2.313 


62.0 


3.454 


3.»60 


4.216 


4. 425 


4.370 


4. 475 


4.4U0 


4. 030 


3. 730 


3.175 


2.823 


5L5 


2.512 


2. 630 


2.740 


2. 845 


2. 950 


2.975 


2.830 


2.662 


2.660 


2.335 


1.643 


4>. 


1. 759 


1.840 


1.910 


1.936 


1.936 


1.975 


1.940 


1.840 


1.699 


1.365 


1.049 


36.0 


0.770 


1.0?0 


1.310 


1. 320 


1. 425 


1.368 


1. :i80 


1.420 


1.325 


L150 


1. 012 


34.0 


1.416 


1.550 


1.550 


1.575 


1.550 


1.440 


1.450 


1.390 


1. 285 


1.175 


1.122 


MeanB=58. 6 


3. 173 


3.696 


3.751 


3.846 


3. 882 

1 


3.841 


3.739 


3.606 


3.461 


3.005 


2.562 



STATION 4. 



73.0 


4.491 


4.960 


5.240 


h. 225 


5. 173 


5.150 


4.860 


4.410 


4.680 


3.780 


3.715 


74.0 


4.297 


4.960 


5 3i0 


5. 140 


5. 225 


5.074 


4. 990 


4.750 


4.760 


4. 345 


3. 393 


65.0 


3. .740 


4. 370 


4. .•)38 


4. .575 


4.640 


4. 44t) 


4.475 


4.330 


4.040 


3.300 


3.112 


66.0 


3. 594 


4.484 


4.410 


4. 335 


4. 475 


4.419 


4. 280 


4.140 


4. 025 


3.800 


2.962 


69.0 


3.658 


4.510 


4. 575 


4.740 


4.690 


4. 730 


4. 500 


3. 900 


3. 733 


3.467 


3.404 


66.5 


3.849 


4.630 


4.575 


4.770 


4.K65 


4. 950 


4.860 


4.470 


3.860 


3.460 


2.453 


73.0 


4.355 


5. 330 


5. 790 


5.825 


5. 820 


h. 500 


5. .'ino 


5.390 


4.960 


4. 6110 


4.294 


68.0 


3. 901 


4.789 


5.010 


5. 227 


5. 090 


4. 853 


4.730 


4.325 


4.216 


4. 025 


3.455 


65.0 


3.301 


4.130 


4.43T) 


4. 600 


4.631 


4. 506 


4. 320 


4. 000 


3. 873 


3. 150 


2.540 


68.0 


3.555 


4. 920 


4 777 


4. 757 


4. 9:i0 


4. 9:?o 


4.880 


4.740 


4. 1.50 


3.770 


3.491 


70.0 


4. 535 


4.977 


5. 020 


5.000 


5.410 


5.325 


5. 357 


5.045 


4. 725 


4. 550 


3.900 


63.0 


3.454 


3.970 


4. 375 


4.330 


4. 3:10 


4s 380 


4. 150 


3.860 


3.770 


2.375 


2.313 


57.0 


1.8f*4 


2.570 


2. 700 


2. 820 


2.880 


2. 775 


2.675 


2.580 


2.525 


2.000 


1.227 


53.0 


2.114 


2. 465 


2.575 


2.630 


2.646 


2.610 


2.475 


2.320 


2. 085 


1.830 


1.638 


45.0 


1.980 


2.220 


2.270 


2.055 


2.120 


2. 240 


2. 172 


2.025 


1. 825 


1.430 


1.142 


Means =65. 


3 514 


4.219 


4.373 


4.402 


4.462 


4.392 


4.288 


4.019 


3.815 


3.325 


2.869 



STATION 5. 



75.0 


4.229 


4.660 


4.895 


4.864 


5.100 


5. 000 


4.868 


4.674 


4.660 


4 075 


3.723 


75.0 


5.742 


6.190 


6. 225 


6.123 


5.655 


5.780 


5.660 


4.789 


4. 155 


5.290 


4 407 


69.0 


4.661 


4.880 


5.125 


5. 075 


5. 250 


4.880 


5. 125 


4. 920 


4. 520 


4 470 


4090 


69.0 


4. 025 


4. 520 


4. 725 


5.010 


4.920 


4. 770 


4.630 


4.345 


4.190 


4 120 


3.394 


63.0 


3. 084 


2. 925 


3.075 


3.215 


3. 225 


3.000 


2.550 


2.530 


1.890 


*1. 600 


*1. 400 


50.0 


1. 936 


2.180 


2.180 


2.250 


2. 325 


2.290 


2.180 


2.040 


1.880 


1.640 


1.344 


55.0 


1.647 


2.350 


2. 3.50 


2.210 


2.275 


2. 245 


2 245 


2.225 


2.020 


1.875 


L350 


49.0 


1.607 


1.725 


1.840 


1.670 


1.765 


1. 724 


1.715 


1.590 


1.489 


1.300 


1.073 


47.0 


1.948 


2.070 


2. 278 


2.230 


2 090 


2. 125 


2.140 


2.068 


1.825 


1.425 


1.005 


Mea]is=61. 3 


3.209 


3.533 


3.633 


3.627 


3.623 


3. 535 


3.457 


3.242 


2.959 


2.866 


2.421 



* Interpolated. 
STATION 6. 



65.0 
60.0 
62.5 
64.0 
51.5 


2.720 
1.876 
2. 037 
2.066 
1.845 


.3.380 
2.375 
2.360 
2.600 
1. 820 


3.325 
2.408 
2. 5.50 
2.565 
1.845 


3. 355 
2. 525 
2. 425 
2.660 
1.670 


3. 324 
2.470 
2.380 
2.685 
1.740 


3.250 
2.585 
2.270 
2.640 
1.728 


2.970 
2 560 
2.380 
2 520 
1.650 


2.980 
2.260 
2.170 
2.535 
1.607 


2.740 
1.995 
2.175 
2.290 
1.450 


2.375 
1. 725 
1.875 
1.995 
1. 220 


2.052 
1.585 
1.693 
1.706 
1.073 


MeanB=60. 6 


2.109 


2.507 


2.539 


2.527 


2.520 


2.495 


2.416 


2.310 


2. 130 


1.838 


1.622 



STATION 7. 



66.0 


3.084 


3. 320 


3.580 


3.560 


3.567 


3.530 


3.425 


3.150 


3.300 


2.770 


2.176 


64.0 


2. 231 


2. 702 


2.702 


2. 725 


2. 785 


2. 823 


2. 725 


2. 550 


2.680 


2.025 


1 585 


63.0 


1.887 


2. 275 


2.600 


2. 450 


2.660 


2. 542 


2. 525 


2.360 


2. 275 


2. 030 


1.708 


57.0 


1.887 


1. 980 


1.950 


1. 995 


2. 005 


1. 950 


1.830 


1.770 


1.720 


1.540 


1.049 


53.0 


1.489 


1.600 


1.783 


1.760 


1.785 


1.718 


1.667 


1.667 


1.570 


1.100 


0.805 


58.0 


L714 


1.950 


2.008 


2.008 


2.090 


2.110 


2.060 


1.955 


1.868 


1.627 


L188 


Mean8=60. 2 


2.049 


2.304 


2.437 


2.416 


2.482 


2.446 


2.372 


2.240 


2.236 


1.849 


1.438 



I 
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Velooitiet in feet per leoond at eacA tenth of d^ih, fo, — Continued. 

SXATIOK 8. 



Depth. 


Surface. 


.1 


.2 


.3 
3.780 


.4 
3.650 


.5 


.6 


.7 


71.0 


2.960 


3.490 


3.624 


3.749 


3.755 


3.680 


66.0 


3.201 


3.430 


3.300 


3.310 


3.2511 


8.185 


3.201 


.S.200 


65.0 


2.208 


2.650 


2.755 


2. 785 


2.700 


2.665 


2.665 


2.570 


62.0 


2.066 


2.230 


2.450 


2.400 


2.253 


2.302 


2. 280 2. 123 


59.5 


1.647 


2. 050 


2.184 


2.184 


2.130 


2.040 


2. 123 1 2. 005 


5ao 


1.570 


1.860 


1.970 


1.960 


2.057 


2.080 


2. 057 1. 930 


67.0 


1.724 


1.875 


1.945 


1.950 


1.085 


2.023 


1. 065 1. 925 


MeAn8=62. 6 


2.197 


•J. 512 


2.604 


2.624 


2.575 


2.578 


2.571 


2.476 



.8 


.9 


Bottom. 


3.400 


2.760 


2.41& 


2.768 


2.285 


2.124 


2.430 


2.505 


2.037 


2.040 


1.826 


L58» 


1.960 


1.838 


1.529 


1.976 


1.520 


1.204 


1.724 


1.515 


1.42» 



2. 036 



1.761 



STATION 9. 



70.0 
66.0 
68.0 
56.0 


3.824 
3.021 
1.691 
1.771 


3.825 
:j. 095 
1.880 
J. 035 


Means =62. 5 


2.452 

• 


2. 709 



4.150 
3. 2>5 
2.050 
2.210 



2.909 



4.270 
3.365 
2. 181 
2. 300 


4.220 
3.360 
2. 280 
2.3U2 


3.029 


3.U41 



4 1.^)0 I 4. 150 
3.319 ' 3.260 



2. 325 
2.250 



2.230 
2.265 



3. 0U6 I 2. 97G 



3.725 

3.230 

1 2.075 

j 2.835 


3.475 
3.020 
1.936 
2.360 


3.230 
2.800 
1.750 
1.960 


1 2.841 


2. 698 


2.435 



STATION 10. 



62.0 
57.0 
62.0 
58.0 
57.0 
56.0 
57.0 



Means =58. 4 



2.662 
1.887 
2.123 
1.887 
2.057 
1.771 
1.654 



2.00U 



3.218 


3.290 


3.275 


2.500 


2. 450 


2.364 


2.900 


3. 120 


3.040 


2.115 


2.220 


2.245 


2 175 


2. 320 


2. 310 


2.U60 


2.240 


2. 230 


1.870 


1.835 


1.946 


2.405 


2.496 


2.487 



3.345 
2.480 
3.140 
2.205 
2.364 
2.181 
2.068 



3.475 
2.460 
3.080 
2.245 
2. 220 
2. 2.'>5 
2.06K 



2.554 I 2.543 



3.420 
2.510 
2. 820 
2.00(f 
2.3U2 
2.260 
2. 008 

2.475 



3.260 
2.542 
2.860 
2.080 
2.075 
2.110 
1.885 



2. 402 



STATION 11. 



66.0 ' 
72.0 I 
61.0 I 
56.5 ' 
56.0 
55.0 
51.0 



Mean8=59. 6 



4.050 


4.870 


4.825 


4.657 


4.294 ! 4.800 


4.719 j 4.980 


2.540 


3.021 


3.319 


3.350 


2.148 


2.480 


2.450 


2.449 


1.765 


2. 302 


2.290 


2 481 


1.887 


2.318 


2. 370 


2.424 


1.714 


2.100 


2.184 


2.225 


2. 628 1 3. 127 

I 


3.165 


3. 224 



4.720 
4.680 
3.440 
2. 6.30 
2. 542 
2.603 
2.184 



4. 805 
4.730 
3.330 
2.440 
2.495 
2. 525 
2.225 



3.256 3.221 



STATION 12. 



, 4.450 


4.294 


4.330 


4.500 


3. 2,50 


3.120 


2.340 


2.425 


2.520 


2.330 


2. 424 


2.630 


2.184 


2. ie4 


3.071 


3.069 








4.350 


4.370 


3.140 


2.220 


2.301 


2.455 


2.050 



3. 880 
3.525 
2.740 
2.240 
2. 120 
2.210 
1. 825 



2.992 



2.649 



69.0 


3.964 


4.618 


4.520 


67.0 


4.174 


4. 4.'>0 


4.537 


60.0 


3.U21 


3 079 


3.079 


60.5 


2. 720 


2.870 


3.070 


55.0 


2.066 


2.450 


2.590 


52 


1.691 


2.040 


2.119 


51.0 


1.508 


2.020 


2.119 


50.0 


1.714 


2.075 


2.184 


38.0 


1.771 


1.940 


2.070 


Means— 55. 8 


2.514 


2.827 


2.921 



4.700 
4.537 
3.079 
3.140 
2. 585 
2.280 
2.080 
2.090 
2.110 



4.630 

4. 525 
3. 118 
3.140 
630 
225 
2.119 
2.035 
2.080 



2. 
2. 



2.956 , 2.945 



4.835 
4.550 
3. 170 
3.140 
2.660 
2.270 
2.119 
2.335 
2.180 



3.029 



4.690 

4.070 
3.201 
3.140 
2.620 
2.180 
1.998 
2.410 
2.068 



2.931 



4.475 
3.875 
3. 030 
2.980 
2.665 
2.057 
1.925 
2.260 
2.005 



! 3.950 
I 3.350 
2.770 
2. 920 
I 2.650 
I 1.815 
I 1.920 
{ 2.100 
I 1.891 



2. 808 2. 596 



3.750 


2.830 


2.775 


2.690 


2.380 


1.810 


1.920 


1.840 


1.750 


2.416 



STATION 13. 



2.697 
2.304 
1.508 
1.47T 



1.97* 



2.875 


2.640 


2.361 


2.400 


2. 230 


2.06S 


2. 690 


2. 380 


2.005 


1.940 


1.710 


L350 


1.960 


1. noi 


1.44» 


2.000 


1.700 


1.41ft 


1.695 


1.350 


0.885- 


j 2.223 


1.957 


1.64T 



2.902 
2.720 
2.512 
2.14» 
1.647 
1.887 
1.891 



2.244 



3.83& 
3.022 
2.512 
1.704 
2.005 
1.632 
1.753 
1.714 
1.416- 



2.17T 



64.0 


3.901 


4.217 


4.180 


3.950 


3.620 


3.655 


3. em 


3. 645 3. 820 


3.450 


2.437 


69.0 


3. 885 


4.150 


4.150 


3.925 


3.925 


4.070 


3.850 


3. 680 3. 180 


2.890 


3.01$ 


66.0 


2.779 


3.480 


3.420 


3.530 


3.625 


3.560 


3. 355 1 3. .^60 : 3. 430 


3.350 


2.295 


65.0 


2.720 


3.000 


2.810 


2.810 


2. 7.'i0 


2. 781 2. O.'SO ! 2. 601 2. 170 


2.063 


1.884 


55.0 


1.541 


1.930 


2.025 


1. 91!0 


1.904 


2. 020 1. 920 ; 1. 805 1. 675 


1.720 


1.641 


60.0 


2.066 


2.520 


2.630 


2.420 


2. 425 


2. 280 2 385 ; 2. 302 2. 125 


1.990 


1. 82ft 


54.0 


1.753 


1.675 


1.830 


2.035 


2. 057 


2.057 


2. 057 1. 878 1. 691 


1.645 


1.325- 


53.0 


1.537 


1. 925 


2.010 


2.030 


2.063 


2.035 


2. 008 2. 190 1. 930 


1.778 
2.361 


L694 


Mean8=60. 8 


2. 517 2. 862 1 2. 882 

i 


2.828 


2.796 


2.807 2.734 , 2.683 i 2.503 

1 1 


L98» 
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Velooiiiee in feet per second at each tenth of depths ^"c. — Con tinned. 

STATION 14. 



Depth. 


Sarfaoe. 


.1 


2 

4.090 
3.775 
1.785 
1.416 


.3 

4.190 
3.870 
1.770 
1.380 


.4 

4.030 
4. 025 
1.690 
1.325 


.5 

4.045 
4.060 
1. 720 
1.380 


.6 


.7 


.8 


.9 

3.900 
3.100 
1.518 
1.250 


Bottom. 


63.0 
59.0 
41.0 
38.0 


3.009 
3.645 
1.190 
1. 062 


3.880 
3.964 
1.550 
1.413 


4.145 
3.815 
1.670 
1.450 


4.217 
3.600 
1.543 
1.438 


4.118 
3.175 
1. 520 
1.416 


2.437 
2.503 
1.42» 
0.886 


MeanB=50. 2 


2.227 


2.702 


2.767 


2.803 


2.768 


2.801 


2.770 


2.700 


2.657 


2.442 


1.814 



MEAN VALTJES OF STATION MEANS. 



No. of 
station. 


Surface. 


.1 


.2 


.3 


.4 


.5 


.6 


.7 


.8 


.9 


Bottom. 


1 


0.868 


1.163 


1.506 


1.589 


1.610 


1.631 


1.620 


1. 558 


1.374 


1.055 


0.86S 


2 


2.023 


2. 235 


2.293 


2.306 


2.420 


2.403 


2.398 


2.155 


1.939 


1.741 


1.441 


3 


8.173 


3.696 


3.751 


3.846 


3.882 


3.841 


3.739 


3.606 


3.461 


3.005 


2.562 


4 


8. 514 


4.219 


4.373 


4.402 


4.462 


4. 892 


4.288 


4.019 


3.815 


3.325 


2.86» 


5 


3.209 


3.583 


3.633 


3. 627 


3.623 


3. 535 


3.457 


3. 242 2. 959 


2.866 


2.421 


6 


2.109 


2.507 


2. 539 


2. 527 


2.520 


2.495 


2.416 


2.310 


2.130 


1.838 


1.622 


7 


2.049 


2.304 


2.437 


2.416 


2.482 


2.446 


2.372 


2.240 


2.236 


1.849 


1.43$ 


8 


2.197 


2. 512 


2.604 


2.624 


2.575 


2. 578 


2.571 


2.476 


2 328 


2. 036 


1.761 


9 


2.452 


2.709 


2. 9t>9 


3.029 


3 041 


3.006 


2.976 


2.841 


2.698 


2.485 


1.972 


10 


2.006 


2.405 


2.496 


2.487 


2.654 


2.543 


2.475 


2.402 


2. 223 


1.957 


1.647 


11 


2. 628 


3.127 


3.165 


3.224 


3.256 


3. 221 


3.071 


3. 069 


2.992 


2.649 


2.244 


12 


2.514 


2.827 


2.921 


2.956 


2.945 


3. 029 


2.931 


2.808 


2.596 


2.416 


2.177 


13 


2.517 


2.862 


2.882 


2.828 


2.796 


2.807 


2.734 


2.683 


2.503 


2.361 


1.989 


14 


2.227 


2.702 


2.767 


2.803 


2.768 


2.801 


2.770 


?.700 


2.657 


2.442 


1.814 


Means = 


2.392 


2.772 


2.877 


2.905 


2.924 


2. 909 2. 844 


2. 722 


2.658 


2.284 


1.91& 

• 



MEAN VALUES OF ALL OBSERVATIONS. 



Means = 



2.665 



3.077 




3.205 



3.227 



3.204 




2.519 



2. 139 



Transverse velocities observed in hend above Columbus^ Ky.j at each twentieth of surf ace width 

7 feet beneath surface. 



One-twentieth 

Two-tweutieths 

Three-twentieths 

Four-twentifeths 

Five-twent ieths ..-.-. 

8iz-tweni leths 

SeveD-twt>ntieths 

Eight-twentieths 

Nine-twentieths 

Ten-twentiei hs 

Eleven-twentieths 

Twelve-twentieths . . . 
Thirteen-twentieths. . 
Fonrteen-twentieths . 
Fifteen-twentieths.. . 
Sixteen-twentieths.. . 
Seventeen-twentieths 
Eighteen-twentieths . 
Nineteen-twentieths . 



1882. 



CO 

g 



5.920 
6.080 
6.191 
6.260 
6. v80 
5.950 
6. 384 
5. 330 
5. -350 
5. 425 
5.5.'>0 
5.675 
5. 7.'>0 
5. 400 
4.675 
3.425 






3.742 
4.220 
4. 280 
4.560 
4.680 
4.750 
4.810 
4. 730 
4.350 
4 2:{0 
4.285 
4.375 
4.190 
4 420 
4. 550 
4.650 
3.100 



o 

CO 



4.890 
5.290 
5.420 
5. 5.50 
5.690 
5.775 
5.850 
6.680 
5.440 
5. 2^0 
5.000 
5. 230 
5.500 
4.850 
4.100 
3.160 
2.450 



o 

CO 



4.340 
4.610 
4.850 
.^240 
5.220 
5.300 
5.330 
5.178 
5.150 
5.080 
4.7fi0 
4.700 
4.840 
4.820 
4.820 
8.470 
3.075 
2.452 



C4 



P 

Ha 



3.180 
3.370 
3. 625 
3.680 
3.825 
4.225 
4.110 
4 217 
4.000 
3.816 
3.800 
3.760 
3.550 
3.500 
3. 425 
3.700 
2.700 
1.750 



u 

9 

.Q 

9 
CO 



1.750 
2.160 
2. 217 
2.180 
2.425 
2.550 
2.650 
2.690 
2.640 
2.680 
2.532 
2.370 
2.150 
2.250 
2.410 
2.050 
1.700 



I 

o 
O 



1.450 
1.620 
1.753 
1.920 
2.175 
2.180 
2.440 
2.417 
2.260 
1.938 
L730 
1.820 
L835 
1.825 
1.600 
1.300 



a 
> 

o 



1.600 
1.745 
1.984 
2.140 
2.340 
2.660 
2. 590 
2.720 
2.600 
2.700 
2.440 
2.400 
1.915 
2.245 
2.170 
1.938 



i 



3.250 
3.596 
3.760 
3.912 
4 0(5 
4.213 
4.184 
4.130 
3.991 
3.92& 
3.784 
3.764 
8.705 
3.709 
3.588 
3.165 
2.63ft 
2.101 



170 



REPORT OF THB MISSISSIPPI RIVER COMMISSION. 



Areas in Beckwith^a Bend. 
[Datum areas compiited with gange readings at Columbna, Ky.] 



Date. 



May 24 

Jane 24 

July 17 

July 31 

August 11 — 
August 22... 
September 12 
September 23 
October 5 — 
October 25... 
November 16 



Gauge. 



Teet. 
96.395 
93. 432 
88. 236 
78. 434 
79. 240 
75. 837 
73. 335 
74.583 
68. 926 
68. 021 
70. 572 



Width. 


Feet 


6, 207. 8 


6, 180. 7 


6, 145. 8 


5, 745. 5 


5, 892. 4 


5, 62.5. 1 


5. 645. 9 


5, 792. 5 


5, 025. 9 


3. 666. 


5,173.2 



Area. 



-l-8eour. 
— FiU, 



Sq./eet. 


Sq. feet 


218, 169 




204,417 


4- 4, 602 


160, 572 


-11,820 


93,887 


- 8,405 


111, 831 


+13,254 


88,199 


- 4,0,35 


74. 961 


+ 862 


89.428 


+ 7,329 


54.861 


- 3.967 


53.773 


4-2,845 


72,095 


+ 7,048 



Datum 
area. 



8q. feet. 
218, 169 
222,771 
210, 951 
202,546 
215. 800 
211,765 
212. 627 
219. 956 
21.'), 989 
218,834 
225,882 



3. — Helena, Arkansas. 
Batinga of meter used at Helena, Ark. 



Date. 


Meter. 

Ellis No. 2.. 

•.. do 

do 

....do 

...do 

....do 

do 

....do 

....do 

do 

....do 

...do 

... do 

...do 

....do 


• 

1 

r 


Qi 
P. 

» d 

c o 

.2- 
go 

"S > 

00 o 

■•■ 
X 

1 


a. 

• 

0. 0615 
0. 0614 
0. 0607 
0. 0609 
0.0612 
0. 0573 

0.0636 

0.0636 
0. 0678 
0. 0667 
0. 0680 
0. 0657 
0. 06 17 
0. 0618 
0.0614 


h. 

0.158 
0.354 
0.243 
0.474 
0. 255 
0.590 

0.217 

0.272 
0.047 
0.193 
0.128 
0.312 
0.395 
0.018 
0.187 


Range of 

velocities 

per secund. 

Feet 
2. 9-7. 6 
2. 7-5. 9 
2. 9-7. 5 
0. 8-1. 9 
0. 6-1. 7 
3. 3-5. 

0. 9-2. 

0. 9-1. 6 
2. 8-6. 2 
3. 7-6. 3 
2.8-6.2 
1.5-5.9 
2. 4-6. 7 
2.5-5.7 
0. 7-6. 5 


Where taken. 

In a pond... 

do 

...do 

... .do 

do 

do 

....do 

do 

do 

....do 

do 

...do 

...do 

....do 

do 


Bemarka. 


1882. 
Feb. 2 
Feb. 16 
Feb. 27 
Apr. 12 
May 15 
May 15 

May 15 

May 19 
May 25 
June 23 
July 20 
Aug. 11 
Sept. 8 
Sept. 23 
Ocl. 9 


7 
7 
5 
13 
10 
6 

12 

11 

15 

6 

10 

15 

8 

6 

6 


Without weight. 

Do. 

Da 

Do. 

Do. 
Meter 2 inches above 

weight. 
Meter 4 inches above 

weight. 
With weight 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 



Velocities in feet per second at each tenth of depth as resulting from the velocity observa- 
tions made at Helena, Ark., in 1882. 

GROUP 1. 



Depth. 


Surface. 


.1 


.2 


.3 


.4 


.5 


.6 


.7 


.8 


.9 


Bottom. 


70.2 
46.5 


8.87 

4.48 


4.34 
4.42 


4.54 
4.34 


4.86 
4.43 


4.27 
4.46 


4.42 
438 


4.20 
4.45 


3.54 
4.13 


3.22 
3.80 


2.73 
3.10 


1.96 
2.50 


Kean8=58. 35 


4.175 


4.38 


4.44 


4.395 


4.365 


4.40 


4.325 


3.835 


3.51 


2.915 


2.23 



GROUP 2. 



85.0 
58.3 
60.0 
58.4 


5.22 

4.(^2 

.4.65 

4.85 


5.56 
4.55 
4 78 
4 75 


5.50 
4 45 
4 78 
4 58 


5.27 
418 
471 
4 53 


5.05 
412 
4 66 
4 45 


5.16 
4 05 
4 65 
4 27 


5.13 
3.49 
4 58 
3.86 


4 44 
3.63 
4 53 
3.76 


4 24 
3.39 
4 41 
3.45 


3.75 
3.05 
4 02 
2.97 


2.97 
2.47 
3.86 
2.52 


Means=65. 42 


4 835 


4 91 


4 828 


4 673 


4 57 


4 533 


4 265 


4 09 


3.873 


3.448 


2.955 
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Velocities in feet per second at each tenth of depth, ^c. — Coutinued. 

GROUP 3. 



Depth. 


Surface. 


.1 


.2 


.3 


.4 


.5 


.6 


.7 


.8 


.9 


Bottom. 


65.0 


6.03 


6.23 


6.13 


6.12 


5.78 


6.10 


5.93 


5.15 


5.45 


5.48 


4.18 


85.0 


5.77 


5.82 


5.55 


5.43 


5.62 


5 07 


5.11 


5.07 


4.38 


3.56 


2.30 


72.5 


5.96 


6.24 


6.21 


5.88 


5.73 


5.75 


5.35 


5.23 


4.72 


4.20 


3.34 


70.0 


5.07 


5.07 


5.02 


5.03 


4.77 


4.94 


4.58 


4.73 


3.97 


3.83 


3.82 


72.3 


5.10 


5.03 


5.03 


4.95 


4.77 


4.39 


4.42 


4.46 


4.72 


4.00 


4.05 


50.0 


6.57 


6.57 


6.64 


6.11 


5 76 


5.83 


6.11 


5.97 


5.43 


5.43 


4.28 


63.0 


4.68 


4.71 


4.57 


4.37 


4.33 


4.27 


4.08 


3.90 


3.73 


3.35 


2.46 


60.0 


5.03 


4.87 


4.55 


4.44 


4.31 


4.22 


4.19 


3.97 


3.55 


3.23 


2.98 


56.0 


4.55 


4.42 


4.41 


4.33 


4.28 


4.05 


3.91 


3.82 


3.54 


3.03 


2.64 


Kean8=i65. 98 


5.418 


5.44 


5.346 


5.184 


5.039 


4.958 


4.853 4.70 


4.388 


4.012 


3.339 



GROUP 4. 



79.8 


6.85 


6.78 


6.62 


6.42 


a 16 


&08 


5.28 


5.18 


4.94 


4.10 


3.40 


57.0 


7.03 


7.15 


6.86 


6.63 


6.50 


6 32 


6.14 


5.70 


5.15 


4.73 


3.15 


65.0 


5.15 


5.22 


5.15 


4.98 


5.20 


4.72 


4 95 


4.44 


4.56 


4.12 


3.93 


63.5 


5.19 


5.21 


5.05 


5.05 


4.91 


4.61 


4.50 


4.09 


3.98 


4.04 


3.80 


53.7 


4.75 


4.54 


4.46 


4.31 


4 26 


4.01 


4.05 


3.52 


2.96 


2.72 


2.52 


56.5 


4.78 


4.77 


4.58 


4.44 


4.24 


4.14 


3.84 


3.10 


2.86 


2.55 


1.76 


Meaii8=62. 58 


5.625 


5.612 


5.453 


5.305 


5.212 


4.98 


4.793 


4.338 4.075 


3.71 


3.092 



GROUP 5. 



70.0 


0.44 


5.82 


5.52 


5.46 


5.16 


4.85 


4.64 


4.44 


3.73 


2.98 


2.40 


60.0 


5.89 


5.77 


5.69 


5.37 


5.27 


5.15 


4.87 


4.72 


4.42 


3.70 


2.62 


55.0 


5.95 


5.96 


5.73 


5.63 


5.45 


5.19 


5.16 


5.10 


4.63 


4.05 


2.83 


63.5 


5.95 


5.53 


5.40 


5.33 


5.13 


5.32 


4.82 


4 62 4. 50 


4.00 


3.63 


55.0 


5.29 


4.87 


4.60 


4.19 


4.22 


4.34 


4.19 


3.85 


.S.41 


3.02 


1.66 


40.0 


5.05 


4 92 


4.80 


4.64 


4.41 


4.35 


4.07 


4.01 


3.85 


3.42 


2.52 


43.6 


5.04 


5.04 


5.00 


4.82 


4.63 


4.45 


4.32 


3.90 


3.54 


3.08 


2.62 


45.0 


4.72 


4.55 


4.47 


4.45 


4.37 


4.28 


4.08 


4.02 


3.68 


3.40 


2.62 


Means=54. 01 


5.541 


5.308 


5.151 


4.986 


4.83 


4.741 


4.519 


4.333 


3.97 


3.456 


2.613 



GROUP 6. 



70.0 


6.03 


5.95 


5.87 


5.67 


5.82 


5.59 


5.00 


4 86 


3.93 


3.30 


2.88 


57.1 


5.34 


5.32 


5.14 


4.86 


4 73 


4 72 


4 57 


4 36 


3.92 


3.55 


2 90 


45.0 


5.94 


6.17 


6.42 


6.15 


5.79 


5.45 


5.37 


5.27 


5.14 


5.00 


3.66 


51.0 


5.82 


5.86 


5.82 


5.57 


5.52 


5.57 


5.25 


5.18 


4 71 


4 39 


445 


38.3 


4.95 


4.90 


4.65 


4.33 


4 14 


4 05 


3.85 


3.66 


3.47 


3.34 


2.64 


36.0 


5.19 


5.00 


4.65 


4.29 


4 34 


416 


3.97 


3.90 


3.46 


3.13 


2.85 


40.5 


5.24 


5.10 


4.96 


4.91 


4 78 


4 37 


417 


4 22 


3.70 


3.04 


3.13 


4L0 


4.98 


4.92 


4.83 


468 


4 47 


4 30 


4 32 


3.95 
4425 


3.20 


2.60 


2.42 


Meaii8=47. 36 


5.436 


5.403 


5.293 


5.058 


4 949 


4 776 


4 563 


3.941 


3.544 


3.116 



GROUP 7. 



60.0 


7.12 


6.94 


6.68 


6.48 


6.30 


6.18 


5.81 


5.36 


4 90 


4 74 


4 69 


60.0 


6.13 


5.87 


5.59 


6.74 


5.63 


5.55 


5.24 


4 96 


4 66 


4 23 


3.20 


60.0 


6.04 


6.10 


5.98 


5.67 


5.77 


5.63 


5.28 


5.45 


4 38 


4 42 


3.50 


51.2 


6.04 


6.00 


5.76 


5.73 


5.35 


5.42 


5.12 


4 84 


4 65 


3.76 


3.10 


61.8 


5.64 


5.90 


5.62 


.5.26 


4 96 


5.03 


4 87 


4 77 


4 50 


416 


414 


42.5 


4 88 


4 80 


4 72 


4 65 


4 56 


4 44 


4 12 


3.75 


3.78 


3.55 


8.39 


36.3 


4 75 


4 82 


4 77 


4 54 


4 46 


4 39 


3.98 


3.64 


3.50 


3.20 


2.85 


82 5 


4 95 


4 95 


4 93 


4 90 


4 87 


460 


4 38 


415 


3.86 


3.35 


2.57 


3&0 


5.24 


5.15 


5.00 


4 82 


4 62 


4 47 


4 47 


4 44 


3.91 


3.45 


3.04 


35.0 


5.12 


4 96 


4 83 


4 96 


4 77 


4 91 


4 76 


4 45 


4 23 


3.90 


3.47 


Keaii8=:45. 52 


5.591 


5.549 


5.388 


5.275 


5. 129 


5.062 


4 803 


4 58 


4 237 


3.876 


3.385 
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Velocities in feet per second at each tenth of depth, ^c, — Continued. 

GROUP 8. 



Depth. 


Surface. 


.1 


59.0 


6.43 


6.27 


55.0 


7.23 


6.94 


53.0 


7.66 


7.60 


50.0 


6.02 


6.28 


48.1 


5.41 


6.41 


47.0 


6.47 


6.25 


47.6 


6.52 


6.38 


41.5 


5.39 


6.36 


30.0 


5.24 


6.28 


32.7 


5.24 


6.25 


MeAn8=46. 38 


6.161 


6.092 



.2 


.3 


6.37 


6.67 


7.10 


7.05 


7.10 


6.83 


5.03 


5.64 


5.30 


5.39 


6.02 


5.83 


5.78 


5.86 


5.16 


4.98 


5.22 


4.98 


5.15 


5.13 



6.48 
6.75 
6.65 
5.71 
5.31 
5.79 
6.02 
4.90 
4.83 
4.93 



6.36 
6.40 
6.58 
5.54 
5.22 
5.77 
6.08 
4.95 
4.70 
4.83 



.6 



5.82 
5.99 
a 37 
5.13 
5.06 
5.32 
5.55 
4.75 
4.46 
4.62 



.7 



5.62 
5.75 
5.94 
4.97 
4.25 
4.85 
5.43 
4.64 
4.25 
4.56 



5.913! 5.836 5.737, 5.643 5.307.5.026 





^ 


.8 


.9 


5.17 


4.15 


5.43 


4.55 


5.00 


4.70 


4.83 


4.38 


3.82 


3.26 


4.34 


3.76 


5.15 


4.40 


4.20 


3.64 


4.15 


3.40 


4.36 


3.76 


4.645 


4.009 

1 

1 



Bottom. 



3.30 
3.40 
4.0» 
3.16 
2.50 
3.0O 
3.65 
3.18 
2.74 
3.13 

8.21S 



GROUP 9. 



54.0 
4&0 
50.0 
50.0 
29.6 
30.7 
33.0 



Means =42. 19 



6.03 
6.44 
6.23 
6.32 
4.35 
4.25 
4.65 



5.467 



6.87 


6.57 


6.51 


6.27 


6.12 


5.87 


6.07 


&07 


6.07 


6.07 


5.98 


5.80 


4.32 


4.27 


4.23 


4.55 


4.66 


4.50 


4.46 


4.45 


4.58 


5.516 


5.446 


5.366 



6.62 
5.96 
5.67 
5.49 
4.13 
4.38 
4.40 



6.35 
5.67 
5.66 
6.22 
3.96 
4.27 
4.25 



6. 236 5. 054 



6.02 


5.82 


6.51 


4.70 


5.18 


4.78 


4.60 


4.25 


5.37 


6.18 


4.70 


4.38 


5.04 


4.85 


4,76 


4.23 


3.86 


3.77 


3.66 


3.40 


4.13 


3.96 


3.76 


3.65 


3.32 


4.22 


3.87 


3.56 


4.846 

1 


4.654 


4.409 


4.024 



3.37 
3.87 
2.46 
2.77 
2.98 
3.53 
a 20 



3.160 



GROUP 10. 



51.5 


6.43 


6.68 


6.56 


6.50 


6.47 


6.32 


5.79 


4.94 


4.04 


4.00 


3.96 


47.0 


6.14 


6.28 


6.23 


6.25 


6.27 


5.94 


5.62 


5.52 


5.57 


5.00 


2.92 


39.0 


4.35 


4.41 


4.34 


4.26 


4.22 


4.22 


3.92 


3.75 


3.58 


3.05 


2.55 


29.5 


3.39 


3.47 


3.49 


3.36 


3.33 


3.34 


3.18 


3.04 


3.01 


2.67 


2.04 


26.0 


3.99 


3.80 


3.98 


3.80 


3.78 


3.68 


3.77 


3.67 


3.63 


3.45 


3.13 


26.0 


4.45 


4.39 


4.32 


4.25 


4.18 


4.13 


4.17 


4.14 


4.06 


3.83 


3.60 


Mean8=36. 50 


4. 792 


4.838 


4.82 


4.737 


4.708 


4.605 


4.408 


4.177 


3.982 


3.667 


3.033 



GROUP 11. 



38.0 


4.83 


4.84 


4.84 


4.81 


4.71 


4.62 


4.29 


3.96 


3.49 


3.00 


2.52 


49.5 


4.68 


5.03 


4.68 


4.29 


4.60 


4.17 


3.89 


4.05 


3.35 


2.60 


1.83 


28.0 


3.28 


3.35 


3.28 


3.12 


3.08 


3.07 


2.96 


2.87 


2.78 


2.71 


2.68 


26.0 


3.73 


3.73 


3.72 


3.63 


3.52 


3.45 


3.42 


3.41 


3.36 


3.20 


3.03 


24.9 


3.25 


3.17 


2.85 


2.85 


2.86 


2.87 


2.72 


2.72 


2.72 


2.50 


2.31 


27.2 


3.27 


3.31 


3.31 


3.16 


2.96 


2.66 


2.64 


2.63 


2.62 


2.62 


2.62 


25.0 


3.01 


3.06 


3.13 


3.00 


2.87 


3.07 


3.20 


2.94 


2.67 


2.47 


2.22 


Meaii8=3l. 23 


3.721 


3.784 


3.687 


3.551 


3.514 


3.416 


3.303 3.226 


2.999 2.729 


2.45» 



GROUP 12. 



27.0 
51.0 
32.6 


4.83 
6.17 
4.38 


4.83 
6.32 
4.68 


4.81 
6.24 
4.65 


4.69 
6.14 
4.25 


4.57 
5.82 
4.15 


4.44 
5.72 
4.07 


4.22 
5.25 
3.60 


3.02 
5.28 
3.63 


3.72 
4.83 
3.51 


3.57 
4.80 
2.81 


3.43 
4.55 
2.17 


Meaiia=36. 87 


5.127 


5.277 


5.233 


5.027 


•4. 847 


4.743 4.357, 4.277 

1 


4.020 


3.727 


3.383 
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Velocities in feet per second for each tenth of depths fc, — Continued. 

GBOUP 13. 



Depth. 


Sar&ce. 


.1 


.2 


.3 


.4 


.5 


.6 


.7 


.8 


.9 


Bottom. 


25.5 


5.08 


5.12 


5.15 


4.83 


4.57 


4.80 


4.43 


454 


4.54 


3.77 


3.13 


22.5 


5.23 


5.23 


5.23 


5.19 


5.14 


5.08 


4.60 


4.10 


3.58 


3.13 


2.64 


21.2 


3.71 


3.63 


3.56 


3.59 


3.67 


3.63 


3 16 


2.72 


2.33 


2.00 


1.64 


10.5 


3.86 


3.33 


3.30 


3.32 


3.34 


3.37 


3.36 


3.34 


3.28 


3.07 


2.85 


7.0 


2.54 


2.51 


2.47 


2.44 


2.37 


2.31 


2.25 


2.17 


2.14 


2.11 


2.07 


16.6 


2.94 


2.95 


2.96 


2.97 


2.94 


2.92 


2.80 


2.65 


2.49 


2.32 


2.15 


Means-17. 22 


3.810 


3.795 


3.778 


3.723 


3.672 


3.685 


3.433 


3.253 3.060 


2.733 


2.413 



GROtJP 14. 



27.0 
19.0 
18.8 
26.5 


5.08 
4.11 
a 66 
4.45 


5.17 
4.02 
3.54 
4.43 


5.24 
3.93 
3.40 
4.43 


5.12 
3.83 
3.33 
4.46 


5.00 
3.68 
3.37 

4.44 


4.86 
3.53 
3.39 
4.11 


4.78 
3.42 
3.28 
3.87 


4.72 
3.28 
2.96 
3.87 


4.31 
3.09 
2.57 
3.73 


3.70 
2.84 
2.25 
3.48 


3.05 
2.68 
1.96 
3.25 


Mean8=22. 82 


4.325 


4.290 


4.250 


4.185 


4.123 


3.973 3.838 


3.708 


3. 425 


3.068 


2.735 



4.— Hays* Landing, Mississippi. 
Ratings of meters used at Hays Landing j Miss, 



Date. 



1882. 

March 18 

April 2 

May 27 

OotbberO 



• 


Number of ob- 
servations. 


2 
2 
2 
4 


19 
18 
20 
30 



11 

(A 



1 
1 
1 
1 



0. 0576 
0. 0573 
0. 0578 
0. 0517 



0. 6083 
0. 5528 
0. 6809 
0. 5167 



Ban^e of 
velocities. 



Teet per second. 
1. 41-7. 69 
1. 23-5. 80 
1. 38-7. 84 
1.02-7.45 



"Where 
taken. 



In a pond. 
Do. 
Do. 
Do. 
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Velooiiiea in feet per aeoond at each tenth of depth €u resulting from the velooitjf ob- 

aervatione made at Hays Landing, Miss,, in 1882. 

STATIOK 2. 



Depth. 


Surface. 


.1 


.2 


.3 


.4 


.5 


.6 


.7 


.8 


.9 


22.0 


8.46 


3.55 


3.64 


3.60 


3.51 


3.42 


a35 


8.26 


3.13 


3.00 


23.0 


8.57 


3.57 


3.57 


3.53 


8.48 


3.43 


8.37 


3.32 


3.27 


3.23 


23.0 


3.34 


3.45 


8.55 


8.40 


3.38 


3.31 


3.26 


3.15 


2.99 


2.88 


22.0 


3.23 


3.23 


3.23 


3.29 


3.28 


3.17 


3.14 


3.11 


2.88 


2.76 


21.0 


3.34 


3.34 


3.34 


3.31 


3.27 


3.23 


3.23 


3.23 


3.01 


2.76 


21.4 


3 92 


3.86 


3.82 


3.72 


3.56 


3.43 


3.33 


3.24 


3.23 


3.23 


32.0 


3.23 


3.15 


3.05 


2.91 


2.94 
3.346 


2.99 


2.99 


3.21 


3.38 


2.02 


Means = 23.49 


3.441 


3.450 


3.457 


3.407 


3.283 


3.239 


3.217 


3.127 


2.967 



STATION 4. 



68.0 


4.15 


4.63 


4.85 


4.87 


5.10 


5.35 


4.74 


4.36 


4.32 


4.00 


70.0 


4.73 


4.75 


4.79 


4.75 


4 68 


4.67 


4.42 


4.53 


4.45 


4.35 


66.0 


4.85 


4.93 


5.08 


5.18 


5.27 


5.12 


4.97 


4.85 


4.85 


4.74 


68.0 


4.61 


4.61 


4.57 


4.50 


4.47 


4.40 


4.37 


4.33 


4.16 


4.15 


60.0 


4.73 


4.75 


4 76 


4.76 


4.85 


4.61 


4.59 


4.46 


4.46 


4.59 


62.0 


5.08 


5.08 


4.97 


4.67 


4.84 


4.80 


4.52 


4.32 


3.95 


3.66 


60.9 


6.70 


7.16 


7.16 


7.16 


6.76 


6.67 


6.40 


6.23 


6.23 


6.02 


58 5 


4.04 


4.03 


4.32 


4.04 


3.91 


3.72 


3.92 


3.84 


3.69 


3.33 


55.5 


3 69 


3.85 


4.15 


4.07 


3.92 


3.92 


3.92 


3.92 


3.72 


3.69 


55.0 


3.69 


3.69 


3.69 


3.72 


3.85 


3.81 


3.56 


3.38 


3.16 


2.98 


51.0 


3.23 


3.00 


3.23 


3.26 


3.54 


3.25 


3.30 


2.98 


2.88 


2.85 


49.8 


3.11 


3.00 


2.99 


3.22 


3.23 


8.16 


3.12 


3. 22 


2.77 


2.43 


40.0 


1.34 


1.34 


1.28 


1.20 


1.14 


1.14 


1.06 


1.03 


1.00 


0.92 


50.1 


3.69 


3.69 


3.69 


3.69 


3.69 


3.57 


3.57 


3.46 


3.34 


3.23 


42.5 


2.42 


2.52 


2.67 


2.64 


2.44 


2.30 


2.30 


2.30 


2.30 


2.07 


44.2 


2.53 


2.53 


2.53 


2.53 


2.48 


2.37 


2.27 


2.18 


2.17 


2.09 


43.0 


2.76 


2.76 


2.60 


2.53 


2.49 


2.39 


2.29 


2.18 


2.08 


2.07 


44.0 


2.76 


2.76 


2.76 


2.76 


2.71 


2.65 


2.65 


2.59 


2.53 


2.53 


44.2 


2.65 


2.65 


2.56 


2.53 


2.53 


2.44 


2.30 


2.30 


2.29 


2.19 


43.0 


2.88 


2.78 


2.76 


2.70 


2.60 


2.53 


2.53 


2.53 


2.44 


2.24 


41.9 


2.76 


2.76 


2.76 


2.76 


2.72 


2.58 


2.30 


2.27 


2.22 


2.18 


43.8 


2.59 


2.49 


2.56 


2 59 


2.54 


2.48 


2.26 


2.17 


2.17 


2.09 


44.8 


2.17 


2.37 


2.22 


2.10 


2.01 


1.86 


1.72 


1.60 


1.43 


1.34 


42.9 


2.17 


2.17 


2.10 


2.07 


1.08 


1.92 


2.05 


1.96 


1.79 


1.65 


41.1 


1.96 


1.96 


2.10 


2.17 


2.14 


2.06 


1.97 


1.81 


1.76 


1.76 


41.1 


2.28 


2.19 


2.17 


2.12 


2.04 


1.95 


1.87 


1.79 


1.70 


1.65 


39.5 


2.17 


2.09 


2.13 


2.13 


1.99 


1.58 


1.55 


1.55 


l..'i2 


1.45 


39.1 


1.76 


1.92 


1.96 


1.96 


1.95 


1.87 


1.79 


1.76 


1.73 


1.65 


38.0 


2.38 


2.30 


2.22 


2.17 


2.17 


2.09 


2.01 


1.90 


1.75 


1.57 


38.1 


2.38 


2.38 


2.27 


2.17 


2.16 


2.00 


1.96 


1.93 


1.86 


1.86 


. 39.1 


1.96 


2.05 


2.01 


1.96 


1.95 


1.87 


1.86 


1.82 


1.75 


1.65 


37.0 


2.59 


2.59 


2.64 


2.67 


2.69 


2.48 


2.44 


2.38 


2.38 


2.38 


38.1 


2.17 


2.17 


2.17 


2.14 


2. 06 


1.82 


1.64 


1.55 


1.54 


1.46 


39.5 


1.96 


1. «6 


1.96 


1.96 


1.06 


1.96 


1.89 


1.86 


1.83 


1.76 


39.4 


2.07 


2.07 


2.07 


2.03 


1.95 


1.87 


1.79 


1.70 


1.62 


1.55 


37.1 


1.96 


1.96 


1.96 


2.01 


2.16 


2.02 


1.06 


1.94 


1.87 


1.86 


39.5 


1.65 


1.74 


1.76 


1.76 


1.76 


1.76 


1.76 


1.76 


1.73 


1.65 


38.1 


1.96 


1.96 


1.86 


1.70 


1.5> 


1.55 


1.55 


1.52 


1.44 


1.36 


38.5 


2.17 


2.UI 


1.85 


1.79 


1.H5 


1.78 


1.63 


1.55 


1.53 


1.46 


38.7 


2.17 


2.17 


2.17 


2.10 


1.94 


1.77 


1.82 


1.66 


1.34 


1.34 


37.9 


2.07 


2.15 


2.U0 


2.02 


2.06 


1.91 


1.81 


1.73 


1.64 


1.57 


37.1 


1.70 


1.76 


1.76 


1.76 


1.76 


1.68 


1.65 


1.65 


1.65 


■ 1.58 


38.0 


1.96 


1.96 


1.91 


1.86 


1.86 


1.78 


1.76 


1.73 


1.64 


1.57 


38.9 


2.07 


2.07 


2.07 


2.03 


1.94 


1.78 


1.69 


1.61 


1.55 


1.55 


37.5 


2.17 


2.10 


2.U7 


2.04 


1.96 


1.89 


1.81 


1.73 


1.65 


1.58 


38.1 


2.07 


1.99 


1.96 


1.99 


2.06 


1.82 


1.76 


1.72 


1.64 


1.56 


37.5 


2.U7 


2.07 


2. 07 


2.02 


1.86 


1.86 


1.86 


1.83 


1.76 


1.76 


38.0 


2.38 


2.30 


2.17 


2.04 


1.JI6 


1.96 


1.90 


1.83 


1.75 


1.67 


39.5 


2.28 


2.36 


2.31 


2.24 


2.11 


1.78 


1.83 


1.81 


1.70 


1.45 


38.7 


2.38 


2.88 


2.38 


2.38 


2.37 


2.29 


2. 28 


2.24 


2.09 


1.77 


39.1 


2.28 


2.20 


2.17 


2.13 


1.97 


1.87 


1.86 


1.86 


1.86 


1.86 


39.4 


2.17 


2.26 


2.28 


2.20 


2.05 


1.85 


1.89 


1.86 


1.86 


1.86 


42.3 


2.28 


2.28 


2.20 


2.17 


2. 17 


2.17 


2.16 


2.06 


1.99 


1.80 


42.0 


2.48 


2.48 


2.41 


2.38 


2.42 


2.46 


2.38 


2. 29 


2.28 


2.20 


41.8 


2.28 


2.m 


2.31 


2.33 


2.35 


2. 26 


2.17 


1.99 


1.89 


1.80 


41.5 


2.48 


2.48 


2.41 


2.38 
2.698 


2.41 


2.46 


2.38 


2.30 


2.28 


2.22 


Means = 44.61 


2.716 


2.73a 


2. 729 


2.C68 


2.571 


2.495 


2.423 


2.339 


2.243 
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Vtlodtiea in feet per second at each tenth of depths ^c. — Continued. 

STATION 6. 



Depth. 


SurfiEtce. 


.1 


.2 
5.28 


.3 


.4 

a 17 


.5 


.6 


.7 


.8 


.9 


62.8 


4.44 


5.37 


5.93 


5.78 


5.13 


4.84 


4.54 


4.16 


68.0 


5.37 


5.18 


. 5.08 


5.42 


5.74 


5.68 


5.54 


5.15 


4.92 


4:00 


66.0 


4.73 


4.87 


4.65 


4.78 


5.45 


5.40 


5.20 


5.06 


4.89 


4.75 


67.5 


5.19 


5.18 


5.18 


5.60 


6.17 


5.89 


5.51 


4.95 


4.52 


4.06 


65.0 


5.08 


5.02 


4.92 


5.07 


5.08 


5.18 


5.22 


5.50 


4.98 


4.62 


65.2 


5.08 


5.15 


4.94 


4.75 


4.70 


4.96 


5.04 


4.84 


4.73 


4.32 


63.5 


4.61 


5.24 


4.83 


4.81 


4.75 


4.88 


4.73 


4.43 


4.15 


4.24 


63.0 


3.92 


4.04 


4.19 


4.28 


4.16 


4.65 


4.40 


4.04 


3.67 


3.38 


60.0 


4.15 


4.15 


4.15 


4.02 


3.92 


4.04 


3.97 


4.05 


3.84 


3.72 


59.5 


3.92 


4.07 


4.06 


3.92 


3.92 


3.92 


3.91 


3.76 


3.58 


3.31 


60.0 


3.46 


3.57 


3.62 


3.69 


3.97 


3.80 


3.64 


3.37 


3.09 


2.82 


55.8 


3.69 


3.69 


«J. Oo 


3.33 


3.85 


3.91 


3.73 


3.51 


3.26 


2.8» 


52.5 


3.46 


3.46 


3.62 


3.88 


3.72 


3.74 


3.46 


3.14 


2.94 


3.83 


53.4 


3.69 


3.69 


3.69 


3.69 


3.66 


3.57 


3.52 


3.46 


3.46 


3.33 


45.0 


2 99 


2.99 


3.08 


2.94 


3.82 


2.76 


2.72 


2.65 


2.64 


2.52 


46.0 


2.76 


2.87 


2.69 


2.65 


2.57 


2.53 


2.53 


2.53 


2.49 


2.36 


47.0 


3.46 


3.46 


3.36 


3.25 


3.23 


3.23 


3.15 


3.04 


2.94 


2.82 


46.8 


2.99 


3.10 


3.21 


3.04 


2.99 


2.92 


2.81 


2.76 


2 71 


2.60 


46.0 


2.99 


2.99 


2.91 


2.88 


2.88 


2.81 


2.77 


2.62 


2.53 


2.53 


45.2 


2.99 


3.10 


3.11 


3.03 


2.78 


2.65 


2.65 


2.62 


2.47 


2.14 


47.9 


2.69 


2.69 


2.60 


2.59 


2.50 


2.48 


2.41 


2.31 


2.28 


2.21 


46.8 


3.00 


3.00 


2.92 


2.65 


2.44 


2.32 


2.22 


2.12 


2.03 


1.90 


43.5 


2.69 


2.60 


2.66 


2.63 


2.54 


2.37 


2.17 


2.17 


2.17 


1.96 


45.5 


2.48 


2.58 


2.59 


2.51 


2.42 


2.33 


2.33 


2.34 


2.25 


2.17 


45.0 


2.59 


2.40 


2.38 


2.38 


2.38 


2.38 


2.30 


2.11 


1.88 


1.55 


4.3.0 


2.59 


2.59 


2.51 


2.42 


2.34 


2.22 


2.05 


1.96 


1.78 


1.68 


42.1 


2.79 


2.79 


2.72 


2.69 


2.58 


2.38 


2.38 


2.38 


2.23 


2.11 


43.0 


2.79 


2.63 


2.52 


2.43 


2.29 


2.14 


2.08 


2.17 


2.17 


2.10 


42.5 


3.00 


2.82 


2.79 


2.68 


2.51 


2.36 


2.28 


2.28 


2.19 


2.17 


42.8 


2.79 


2.79 


2.79 


2.73 


2.69 


2.66 


2.58 


2.48 


2.40 


2.31 


42.0 


1.55 


1.55 


1.55 


1.61 


1.62 


1.51 


1.34 


1.34 


1.28 


1.19 


42.1 


2.69 


2.69 


2.69 


2.64 


2.59 


2.59 


2.59 


2.59 


2.52 


2.42 


41.4 


2.59 


2.59 


2.66 


2.54 


2.41 


2.47 


2.38 


2.30 


2.21 


2.07 


42.0 


2.59 


2.59 


2.59 


2.59 


2.55 


2.48 


2.48 


2.:i9 


2.31 


2.22 


41.8 


2.59 


2.59 


2.52 


2.43 


2.35 


2.28 


2.28 


2.28 


2.21 


2.10 


42.0 


2.48 


2.48 


2.48 


2.48 


2.44 


2.34 


2.17 


2.08 


1.99 


1.96 


40.1 


2.59 


2.59 


2.59 


2.59 


2.57 


2.48 


2.48 


2.48 


2.44 


2.25 


40.9 


2.79 


2.63 


2.59 


2.54 


2.45 


2.37 


2.29 


2.35 


2.27 


2.10 


40.8 


2.38 


2.38 


2 32 


2.33 


2.33 


2.16 


1.98 


1.96 


1.91 


1.86 


40.4 


2.38 


2.38 


2.24 


2.17 


2.17 


2.17 


2.17 


1.90 


1.57 


1.25 


42.4 


2.28 


2.28 


2.35 


2.38 


2.29 


2.14 


2.06 


1.97 


1.81 


1.70 


39.8 


2.59 


2.59 


2.53 


2.45 


2.33 


2.07 


1.91 


1.75 


1.62 


1.53 


39.9 


2.48 


2.57 


2.59 


2.55 


2.46 


2.38 


2.30 


2.22 


2.09 


1.87 


40.1 


2.48 


2.48 


2.55 


2.51 


2.34 


2.17 


2.09 


2.00 


1.92 


1.83 


40.0 


2.79 


2.71 


2.63 


2.59 


2.57 


2.48 


2.40 


2.38 


2.34 


2.28 


40. 2 


2.48 


2.40 


2.44 


2 44 


2.36 


2.28 


2.11 


2.00 


1.92 


1.86 


40.9 


2.48 


2.48 


2.48 


2.48 


2.45 


2.38 


2.38 


2.38 


2.38 


2.32 


40.2 


2.79 


2 71 


2.69 


2.60 


2.48 


2.48 


2.40 


2.32 


2.23 


2.13 


41.5 


2.59 


2.50 


2.48 


2.43 


2.41 


2.47 


2.38 


2.38 


2.25 


2.07 


43.1 


2.79 


2.79 


2.79 


2.79 


2.75 


2.69 


2.67. 


2.59 


2.59 


2.43 


40.7 


2.90 


2.81 


2.73 


2.69 


2.67 


2.59 


2.49 


2.48 


2.38 


2.22 


41.5 


2.90 


2.81 


2.72 


2.64 


2.59 


2.57 


2.50 


2.48 


2.42 


2.20 


44.0 


2.79 


2.79 


2 79 


2.79 


2.74 


1.65 


2.59 


2.52 


2.16 


2.07 


43.8 


3.00 


3.00 


2.93 


2 96 


2.90 


2.75 


2.69 


2.65 


2.38 


2.2ft 


43.0 


2.90 


2.99 


3.00 


3.00 


2.91 


2.70 


2.50 


2.59 


2.41 


2.23 


43.7 


3.U0 


3.18 


3.21 


3.21 


3.11 


2.92 


2.77 


2.68 


2.59 


2.50 


Means = 47. 48 


3.112 


3.136 


3.103 


8.091 


3.090 


2.991 


2.908 


2.816 


2.677 


2.527 
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Velocities in feet per second at each tenth of depth, fc, — Continued. 

STATION 8. 



Depth. 



64.0 
69.8 
68.0 
63.0 
61.9 
60.5 
58.8 
57.0 
49.5 
45.5 
44.2 
43.0 
45.1 
40.9 
42.0 
42.8 
44.0 
44.1 
43.2 
41.0 
39.9 
38.0 
39.9 
39.5 
40.5 
38.5 
39.2 
39.5 
40.5 
39.9 
39.9 
41.0 
38.5 
38.5 
37.1 
37.9 
37.5 
41.0 
40.6 
40.8 
40.0 
40.9 
40.0 
40.0 
40.5 
41.1 
41.2 
40.9 
41.7 
45.0 
41.6 
43.1 



Surface. 



Keaii8=r44.46 



5.31 

5.66 

5.77 

4.96 

4.85 

4.38 

4.15 

4.38 

4.38 

3.46 

3.69 

3.69 

3.23 

3.80 

3.11 

3.92 

3.41 

3.62 

3.31 

3.41 

3.00 

2.79 

2.59 

2.69 

3.31 

3.10 

J. 96 

2.79 

3.00 

2.59 

2.79 

2.79 

2.79 

3.00 

2.79 

2.90 

2.59 

3.10 

3.10 

3.21 

3.00 

2.90 

3.00 

3.21 

3.00 

3.21 

3.21 

3.31 

3.62 

3.62 

3.62 

3.72 



3.438 



.1 



4.51 

5.42 

5.45 

6.04 

5.02 

4.38 

4.24 

4.36 

4.61 

3.46 

3.69 

3.59 

3.65 

3.72 

3.40 

3.82 

3.41 

3.44 

3.31 

3.25 

3.00 

2.64 

2.59 

2.69 

2.98 

3.02 

1.81 

2.79 

3.17 

2.91 

2.96 

2.79 

2.79 

3.00 

2.87 

2.90 

2.74 

3.02 

3.10 

3.21 

3.00 

2.81 

3.00 

3.21 

3.00 

3.21 

3.21 

3.31 

3.44 

8.43 

3.54 

3.72 



.2 



3.435 



5.52 

5.50 

5.14 

5.42 

5.06 

4.43 

4.70 

4.15 

4.61 

3.46 

3.69 

3.57 

3.87 

3.76 

3.32 

3.80 

3.33 

3.57 

3.24 

3.21 

3.00 

2.75 

2.65 

2. 03 

2.83 

2.89 

1.87 

2.79 

3.21 

2.75 

3.00 

2.79 

2.79 

2 95 

2.84 

2.85 

2.89 

3.00 

3.10 

3.14 

2.87 

2.86 

3.00 

3.21 

3.06 

3.21 

3.14 

3.25 

3.41 

3.41 

3.45 

3.65 



.3 



5.84 

5.75 

5.35 

5.72 

5.96 

4.57 

5.07 

4.20 

4.38 

3.64 

3.69 

3.57 

3.7.) 

3.86 

3.36 

3.73 

3.30 

3.35 

3.21 

3.21 

3.00 

2.93 

2.69 

2.63 

2.79 

2.79 

1.88 

2.79 

3.21 

2.59 

2.02 

2.79 

2.78 

2.87 

2.70 

2.82 

2.88 

2.95 

3.10 

3.06 

2.79 

2.85 

2.96 

3.13 

8.10 

3.16 

3.05 

3.21 

3.32 

3.34 

3.41 

3.62 



3.434 



3.454 



.4 



6.02 

5.60 

5.76 

5.32 

6. U2 

4.82 

4.80 

4.27 

4.16 

3.62 

3.63 

3.66 

3.62 

3. 92 

8.38 

3.04 

3.16 

3.21 

3.21 

3.21 

3.00 

2.98 

2.67 

2.66 

2.72 

2.78 

1.75 

2.77 

3.14 

2.62 

2.75 

2.76 

2.58 

2.79 

2.40 

2.89 

2.59 

2.82 

3.10 

2.98 

2.77 

2.79 

2.90 

2.98 

3.08 

3.07 

3.00 

3.18 

3.17 

3.37 

3.38 

3.57 



3.405 






.5 


.6 


.7 


.8 


.9 


6.09 


6.02 


^.90 


5.89 


5.Kt 


5.76 


5.75 


5.87 


6.89 


5.87 


6.71 


5.31 


5.19 


5.08 


4.80 


5.41 


5.08 


4.69 


4.58 


4.31 


5.96 


5.49 


5.15 


4.85 


5.20 


4.51 


4.22 


4.16 


3.76 


3.48 


4.01 


4.38 


4.33 


4.15 


4.02 


4.35 


4.38 


4.15 


3.68 


3.53 


4.15 


4.36 


4.18 


4.16 


4.05 


3.51 


3.46 


3.42 


3. 32 


3.22 


3.57 


3.53 


3.46 


3.46 


3.46 


3.72 


3. 62 


! 3.79 


3. .-19 


3.57 


3. 6:i 


! 3.60 


' 3.53 


3.63 


3.30 


3.91 


3. 82 


; 3.72 


3.62 


3.27 


3.22 


3.11 


3.11 


2.96 


2.83 


i 3.47 


1 3.23 


3.23 


2.83 


2.68 


1 3.13 


2.97 


2.88 


2.79 


2.79 


: 3.08 


2.87 


2.73 


2.48 


2.30 


3.14 


3.00 


2.99 


2.81 


2.69 


3.19 


3.02 


2.93 


2.73 


2.59 


3.00 


2.92 


2.90 


2.86 


2.79 


2.75 


2.69 


2.61 


2.36 


2.19 


2.59 


2.59 


2.59 


2.. "SI 


2.38 


2.40 


2.31 


2.22 


2.14 


2.05 


2.48 


2.48 


2.41 


2.33 


2.23 


2.71 


2.63 


2.59 


2.57 


2.49 


1.66 


1.58 


1.55 


1.52 


1.44 


2.70 


2.69 


2.64 


2.56 


2.48 


2.89 


2.81 


2.79 


2.74 


2.69 


2.69 


2 77 


2.67 


2.54 


2.46 


2.59 


2.59 


2.41 


2.24 


2.17 


2,68 


2.60 


2,59 


2.53 


2.40 


2.50 


2.55 


2.63 


2.46 


2.39 


2.79 


2.79 


2.75 


2.67 


2.60 


2.53 


2.54 


2.48 


2.48 


1.86 


2.66 


2.48 


2.33 


2.36 


2.13 


2.59 


2.59 


2.54 


2.38 


2.31 


2.57 


2.41 


2.38 


2.26 


2.11 


3.10 


3.10 


3.03 


3.00 


2.90 


2.90 


2.81 


2.66 


2.50 


2.29 


2.69 


2.61 


2.52 


2.44 


2.38 


2.78 


2.70 


2.62 


2..'>3 


2.48 


2.90 


2.73 


2.63 


2.65 


2.43 


2.00 


2.86 


2.73 


2.65 


2.59 


3.00 


3.00 


2.86 


2.74 


2.62 


2.99 


2.91 


2.82 


2.68 


2.52- 


3.00 


3.00 


2.92 


2.78 


2.62 


3.09 


3.01 


2.85 


2.63 


2.42 


3.08 


3.00 


2.92 


2.82 


2.74 


3.36 


3.23 


3.04 


2.90 


2.90 


3.31 


3.31 


3.14 


3.10 


2.91 


3.45 


3.27 


3.08 


3.01 


2.02 


3.336 


3.246 


3.160 


3.041 


2.917 
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Velooities in feet per second at each tenth of depths ^c. — Continned. 

STATION 10. 



Depth. 


Sarfaoe. 


.1 


.2 


.3 


.4 


.5 
a 08 


.6 


.7 


.8 


1 

.9 


82.0 


5.08 


6.30 


6.70 


6.70 


6.47 


5.63 


4.97 


4.56 


4.00 


74.5 


4.61 


4.85 


4.85 


4.95 


4.75 


5.50 


4.61 


4.64 


4.41 


4.05 


77.2 


4.61 


4.61 


4.97 


5.08 


5.13 


5.15 


4.58 


5.14 


4.61 


4.41 


76.0 


4.38 


4.75 


5.33 


6.00 


5.50 


5.35 


5.46 


4.69 


4.38 


3.98 


68.0 


4.38 


4.32 


4.30 


4.58 


4.44 


4.58 


4.25 


4.11 


3.83 


3.69 


70.5 


4.85 


4.85 


4.85 


4.85 


4.85 


4.72 


4.56 


4.40 


4.24 


4.08 


69.5 


4.61 


4.95 


4.70 


5.16 


5.21 


5.09 


5.15 


5.00 


4.84 


4.67 


68.9 


4.85 


4.70 


4.67 


4.83 


4.67 


4.61 


4.50 


4.50 


4.38 


4.22 


64.0 


4.38 


4.38 


4.38 


4.29 


4.28 


4. .38 


4.31 


4.27 


4.24 


4.15 


63.0 


4.27 


4.27 


4.27 


4.27 


4.27 


4.23 


4.15 


4.15 


4.14 


4.00 


63.0 


4.15 


4.42 


4 21 


4.35 


4.16 


4.23 


4.15 


4.07 


3.92 


3.87 


61.5 


8.46 


4.13 


4.14 


4.49 


4.61 


4.47 


4.34 


4.27 


3.97 


3.65 


59.2 


3.92 


3.16 


4.15 


4.15 


4.15 


4.15 


4.15 


4.12 


3.98 


3.83 


61.7 


3.92 


3.89 


3.80 


3.88 


3.92 


4.11 


3.92 


3.77 


3.52 


3.20 


64.0 


3.83 


3.72 


3.78 


3.83 


3.72 


3.68 


3.55 


3.41 


3.39 


3.81 


65.5 


3.62 


3.62 


3.62 


3.62 


3.84 


3.84 


3.63 


3.50 


3.31 


3.21 


62.2 


3.62 


3.54 


3.57 


3.59 


3.62 


3.62 


3.57 


3.52 


3.23 


8.08 


62.5 


3.93 


3.67 


3.72 


3.78 


4.03 


3.82 


3.66 


3.53 


3.52 


3.41 


61.5 


3.62 


3.46 


3.62 


3.62 


3.62 


3.41 


3.37 


3.31 


3.23 


3.21 


53.3 


3. 21 


3.21 


3.21 


3.23 


3.33 


3.41 


3.33 


2.93 


2.53 


2.43 


50.9 


8.00 


3.21 


3 21 


3.21 


3.20 


3.10 


3.1U 


3.09 


8.00 


3.00 


58.0 


3.21 


3.21 


3.21 


3.21 


3.21 


3.21 


3.11 


3.09 


3.00 


2.91 


55.0 


3.21 


3.21 


3.21 


3.00 


3 00 


2.90 


2.79 


2.65 


2.59 


• 2.49 


56.0 


3.21 


3.21 


3.21 


3.17 


3.10 


3.10 


3.03 


3.00 


2.80 


2.79 


62.4 


2.90 


2.90 


2.85 


2.79 


2.79 


2.77 


2.69 


2.62 


2.59 


2.54 


61.8 


3.21 


8.21 


3.21 


3.21 


3.11 


3.10 


3.10 


3.10 


8.01 


2.76 


54.0 


3.21 


3.21 


3.21 


3.18 


3.10 


3.10 


2.95 


2.79 


2,66 


2.51 


59.0 


3.21 


3.21 


3.21 


3.21 


3.13 


'3.10 


3.09 


3.00 


2.96 


2.83 


56.0 


3.21 


3.21 


3.21 


3.17 


3.10 


3.10 


3.03 


3.00 


2.90 


2.78 


5&5 


8.21 


3.21 


8.21 


3.21 


3.21 


3.12 


3.10 


3.08 


3.00 


2.95 


59.8 


3.21 


3.29 


3.21 


3.21 


3.12 


3.00 


2.98 


2.86 


2.79 


2.64 


56.0 


3.21 


3.21 


3.21 


3.17 


3.10 


3.04 


2.85 


2.79 


2.69 


2.46 


59.8 


3.10 


3.10 


3.06 


3.00 


3.00 


3.00 


2.90 


2.86 


2.79 


2.64 


58.5 


3.00 


3.00 


3.00 


2.95 


2.90 


2.90 


2.79 


2.79 


2.75 


2.64 


58.8 


2.90 


2.92 


2.93 


2.79 


2.79 


2.79 


2.59 


2.61 


2.65 


2.53 


59.8 


3.21 


3.21 


3.21 


3.21 


3.21 


3.10 


8.02 


3.00 


2.88 


2.79 


55.0 


3.21 


3.21 


3.21 


3.21 


3.21 


3.16 


3.10 


3.10 


3.02 


3.00 


50.0 


8.21 


3.21 


3.21 


3.21 


3.10 


3.10 


2.79 


2.79 


2.59 


2.48 


59.0 


3.21 


3.21 


3.21 


3.21 


3.13 


3.10 


3.00 


2.95 


2.79 


2.73 


52.5 


3.00 


3.01 


3.10 


3.09 


3.00 


2.98 


2.90 


2.86 


2,79 


2.76 


59.2 


8.10 


3.10 


3.10 


3.10 


3.10 


3.01 


3.00 


2.97 


2.90 


2.83 


57.0 


3.31 


3.31 


3.81 


3.31 


3.25 


3.21 


3.03 


3.00 


2.89 


2.74 


59.0 


8.41 


3.41 


3.37 


3.31 


3.24 


3.21 


3.10 


3.07 


2.91 


2.73 


50.2 


8.41 


3.41 


3.41 


3.41 


3.34 


3.31 


3.21 


3.18 


3.05 


2.80 


55.0 


3.41 


8.41 


3.41 


3.41 


3.37 


3.31 


3.25 


3.21 


3.04 


2.79 


57.9 


3.52 


3.44 


3.55 


3.36 


3.31 


3.23 


3.21 


3.10 


3.07 


2.87 


59.9 


3.62 


3.62 


3.58 


3.46 


3.33 


3.31 


3.21 


3.17 


3.10 


3.02 


59.1 


3.62 


3.64 


3.65 


3.52 


3.44 


3.41 


3.31 


3.28 


3.16 


3.04 


59.0 


3.72 


3.72 


3.72 


3.67 


3.62 


8.62 


3.52 


3.49 


3.32 


3.14 


59.2 


8.83 


8.83 


8.79 


3.72 


3.65 


3.62 


3.62 


3.62 


8.57 


3.32 


Means = 61. 07 


3.622 


3.657 


3.696 


3.719 


3.675 


8.649 


3.525 


3.448 


3.310 


8.079 
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Velocities in feet per second at each tenth of depth, ^c. — Continaed. 



STATION 12. 



Depth. 


Surface. 


■1 


.2 


.8 


.4 


.5 


6. 


.7 


.8 


.9 


80.2 


5.54 


6.07 


5.66 


6.04 


5.83 


5.23 


5.54 


5.28 


4.90 


4.73 


85.0 


4.85 


.5.03 


5.02 


5.36 


6.00 


5.48 


5.25 


5.28 


4.78 


4.61 


76.0 


5.54 


5.18 


5.07 


4.90 


4.85 


4.85 


4.73 


4.53 


4.38 


4.23 


68.9 


4.27 


4.20 


4.18 


4.15 


4.21 


4.27 


4.35 


4.27 


4.15 


4.06 


68.4 


4.50 


4.52 


4.38 


4.25 


4.15 


4.15 


4.15 


4.10 


3.93 


3.80 


68.2 


4.38 


4.38 


4.30 


4.38 


4.38 


4.38 


4.27 


4.21 


4.15 


4.01 


69.0 


4.15 


4.23 


4.15 


4.25 


4.27 


4.17 


4.12 


3.96 


3.80 


3.69 


68.4 


4.15 


4.15 


4.15 


4.38 


4.44 


4.40 


4.15 


4.02 


3.70 


8.42 


68.2 


4.15 


4.19 


4.27 


4.27 


4.22 


415 


4.13 


3.98 


3.92 


8.77 


68.4 


4.04 


4.00 


3.92 


3.92 


3.92 


3.92 


3.87 


3.74 


3.69 


3.65 


71.3 


4.03 


3.83 


3.83 


3.83 


3.76 


3.62 


3.62 


3.52 


3.41 


3.33 


69.0 


3.83 


3.83 


3.&S 


3.83 


3.83 


3.73 


3.69 


3.62 


3.52 


3.33 


64.5 


3.72 


3.72 


3.72 


3.72 


3.72 


3.72 


3.72 


3.52 


3.35 


a 21 


69.0 


3.83 


3.83 


3.75 


3.72 


3.72 


3.63 


3.62 


3.55 


3.52 


3.41 


69.0 


3.83 


3.83 


t 8.75 


3.72 


3.67 


3.62 


3.60 


3.52 


8.41 


3.37 


67.4 


3.41 


3.41 


3.34 


3.31 


3.35 


3.34 


3.21 


3.16 


3.10 


3.00 


05.9 


3.41 


3.68 


3.69 


3.57 


3.47 


3.50 


3.22 


2.97 


2.90 


2.81 


65.8 


8.41 


3.41 


3.35 


3.41 


3.41 


3.29 


3.21 


2.98 


2.84 


2.71 


65.8 


3.21 


8.35 


3.34 


3.41 


3.36 


3.03 


2.80 


2.69 


2.64 


2.50 


64.5 


8.52 


3.28 


3.27 


3.31 


8.29 


3.21 


3.21 


3.10 


3.07 


3.00 


65.1 


3.41 


3.31 


3.31 


3.31 


3.21 


3.15 


3.02 


2.99 


2.90 


2.82 


60.4 


8.62 


3.62 


3.62 


3.62 


3.45 


3.48 


3.41 


3.41 


3.41 


8.32 


64.5 


3.41 


3.58 


3.35 


3.21 


3.21 


3.21 


3.05 


2.99 


2.90 


2.83 


68.9 


8 41 


3.45 


3.62 


3.41 


3 41 


3 34 


3.31 


3.27 


3.21 


3.10 


66.5 


3.41 


3.41 


3.41 


3.41 


3.31 


3.31 


3.31 


3.21 


3.21 


3.10 


66.0 


3.41 


8.34 


8.48 


3.41 


3.38 


3.25 


3.21 


2.95 


2.68 


2.49 


61.4 


3.41 


3.45 


3.21 


3.07 


3.00 


2.97 


2.75 


2.69 


2.61 


2.59 


64.1 


3.41 


3.21 


?.27 


3.13 


2.97 


2.88 


2.93 


2.79 


2.67 


2.53 


62.1 


3.31 


3.41 


3.36 


3.21 


3.31 


3.19 


2.96 


2.94 


2.80 


2.67 


65.4 


3.31 


3.21 


3.27 


3.22 


3.21 


3.21 


3.21 


2 81 


2.95 


2.84 


60 8 


3.21 


3.33 


3.37 


3.25 


3.21 


3.09 


3.27 


3.29 


2.79 


2.70 


59.5 


8.72 


3.50 


8.45 


3.46 


3.49 


3.34 


3 21 


3.17 


3.05 


3.00 


61.0 


3.52 


3.52 


3 52 


3.45 


3.41 


3.41 


3.38 


3.26 


3.05 


2.92 


63.5 


3.31 


3.34 


3.41 


3.25 


3.09 


2.97 


2.83 


2.79 


2.69 


2.56 


65.0 


3.31 


3.31 


3.25 


3.21 


3.10 


3.06 


3.12 


2.00 


3.00 


2.85 


66.1 


3.41 


3.31 


3.25 


3.21 


3.21 


3.14 


3.10 


2.87 


2.73 


2.69 


65.2 


3.31 


3.31 


.^.Sl 


3.31 


3.21 


3.15 


3.10 


3.00 


2.91 


2.56 


61.3 


3.41 


3.50 


3 87 


3.88 


3.41 


3.30 


3.25 


3.37 


3.32 


2.78 


66.0 


3.62 


3.62 


3.42 


3.41 


3.28 


3.40 


3.4*? 


3.14 


2.84 


2.70 


67.1 


3.52 


3.55 


?.55 


3.52 


3.41 


3 34 


3.31 


3.28 


3.03 


2.88 


66.9 


8.62 


3.62 


3 48 


3.52 


3.52 


3 52 


3.52 


3.30 


2.96 


2.79 


65.5 


8.72 


3.67 


3.75 


3.62 


3.62 


3.57 


3.42 


3.50 


3.26 


2.85 


67.4 


4.03 


3.90 


3.83 


3.83 


3.79 


3.72 


3.64 


3.77 


3.43 


3.20 


67.5 


3.72 


3.87 


3.78 


3.72 


3.64 


3.57 


3.43 


3.58 


3.27 


3.10 


64.0 


3.83 


3.93 


3.99 


3.86 


3.62 


3.62 


3.62 


3.52 


3.57 


3.25 


68.1 


4.14 


3.93 


?.86 


3.83 


3.72 


3.72 


3.78 


3.67 


3.42 


3.15 


Kean8=66. 87 


3.767 


3.768 


3.727 


3.708 


3.675 


3.600 


3.544 


3.447 


3.300 


3.152 
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Ftlooitks in feet per second at each tenth of depthy ^o.— Continued. 

STATION 14. 



Depth. 


Surface. 


.1 


.2 


.3 


.4 


.5 


.6 


1 
.7 


.8 


.9 


82.2 


5.54 


6.23 


5.77 


6.77 


&23 


5.95 


5.67 


5.43 


6.27 


5.08 


78.5 


5.77 


6.04 


a 47 


6.32 


6.23 


6.84 


6.21 


4 85 


5.12 


5.04 


74.6 


5.54 


5.61 


5.77 


6.12 


&23 


5.85 


5.58 


5.20 


4 86 


4 67 


73.5 


5.31 


5.31 


5.09 


6.25 


6.31 


5.77 


5.59 


5.23 


4 92 


478 


69.0 


5.54 


5.72 


5.22 


4 38 


4 38 


416 


4 38 


4 23 


414 


3.19 


70.9 


5.54 


5.12 


5.03 


4 98 


5.00 


4 96 


4 73 


4 61 


4 38 


428 


71.2 


5.08 


5.20 


5.27 


5.02 


4 86 


6.06 


6.63 


6.53 


4 44 


434 


6&0 


5.08 


4.93 


4 92 


5.05 


4 85 


4 86 


4 64 


4 73 


4 40 


4 23 


60.3 


4.38 


4.27 


4 31 


4 52 


4 62 


4 38 


4 24 


415 


4 00 


3.82 


62.3 


415 


4.13 


410 


4 16 


416 


413 


3.98 


3.83 


3.70 


3.64 


62.4 


4.38 


4.47 


4 27 


4 49 


4 38 


4 30 


4 27 


4 07 


3.92 


3.78 


62.1 


4.38 


438 


4 38 


4 30 


4 27 


417 


4 22 


4 08 


4 04 


3.92 


58.7 


4.15 


4.15 


415 


416 


4 23 


4 37 


416 


415 


3.99 


3.66 


59.3 


4.04 


418 


4 28 


4 15 


3.97 


414 


4 34 


4 01 


3.75 


3.35 


58.5 


4.38 


419 


4 38 


4 38 


4 31 


427 


416 


411 


3.88 


8.74 


57.5 


4.15 


4 04 


4 04 


4 04 


3.97 


3.92 


3.92 


3.91 


3.80 


3.78 


61.1 


4.24 


412 


3.99 


3.86 


3.83 


3.83* 


3.83 


3.77 


3.64 


3.62 


61.9 


4.03 


3.80 


3.67 


3.62 


3.62 


3.41 


3.60 


3.48 


3.23 


3.02 


61.0 


3.72 


3.72 


3.72 


3.65 


3.62 


3.71 


3.62 


3.67 


3.48 


3.21 


61.0 


3.83 


3.83 


3.74 


3.56 


3.52 


3.60 


3.48 


3.62 


3.54 


3.41 


60.5 


4.03 


3.79 


a 58 


3.72 


3.65 


3.53 


3.50 


3.47 


3.27 


3.11 


59.4 


"3.62 


3.58 


3.37 


3.37 


3.49 


3.42 


3.30 


3 21 


3.16 


3.03 


57.9 


3.62 


3.59 


3.^8 


3.52 


3.41 


3.41 


3.32 


3.19 


2 97 


2.85 


57.0 


3.62 


3.38 


3.27 


3.33 


3.21 


3.28 


3.23 


3.00 


2.89 


2.76 


58.9 


3.31 


3.31 


3.31 


3.26 


3.21 


3.21 


3.10 


3,08 


3.00 


2.87 


5a4 


3.31 


3. 31 


3.31 


3 26 


3.21 


3.03 


3.00 


2.88 


2.79 


2.69 


58.0 


3.21 


3.21 


3.18 


3.10 


3.17 


3.04 


2.90 


2.78 


2.69 


2.65 


60.2 


3.41 


3.39 


3.35 


3.41 


3.33 


3.21 


3.10 


3.06 


3.00 


2.92 


62.5 


3.21 


3.21 


3.31 . 


3.41 


3. 21 


3.18 


3.10 


3.03 


3.00 


2.98 


61.1 


3.31 


3.31 


3.31 


3.24 


3.21 


3.20 


3.10 


3.05 


3.00 


2.90 


61.2 


3.62 


3.50 


3.41 


3.34 


3.40 


3.40 


3.31 


3.26 


3.21 


a 08 


61.0 


3.62. 


3.50 


3.41 


3.41 


3.32 


3.31 


3.28 


3.21 


3.21 


3.10 


6!. 2 


3.31 


3.31 


3.27 


3.21 


3.21 


3.09 


3.00 


2.94 


2.81 


2.59 


61.1 


3.31 


3.29 


3.21 


3.21 


3.11 


3.10 


3.07 


3.00 


2.84 


2.48 


60.8 


3.21 


3.21 


3.16 


3.10 


3.10 


2.99 


2.90 


2.84 


2.72 


2.60 


59.4 


3.10 


3.10 


3.10 


3.10 


3.10 


3.10 


3.00 


2.97 


2.85 


2.79 


60.0 


3.00 


8.00 


3.00 


3.00 


3.00 


2 90 


2.90 


2.86 


2.79 


2.63 


60.2 


3.41 


3.25 


3.41 


3.41 


3.41 


3.31 


3.21 


3.16 


3.10 


3.02 


60.0 


3.31 


3.29 


3.17 


3.10 


3.10 


3.21 


2.98 


2.82 


2.63 


2.42 


60.0 


3.10 


3.10 


3.10 


3.02 


3.17 


3.91 


2.95 


2.66 


2.53 


2.40 


60.1 


3.41 


3.31 


3.31 


3.25 


3.12 


3.10 


3.08 


3.00 


2.75 


2.51 


59.4 


3.31 


3 29 


3.17 


3.22 


3.31 


3.02 


2.90 


2.87 


2.69 


2.51 


55.2 


3.41 


3.51 


3.41 


3.41 


3.37 


3.26 


3.14 


3.10 


3.02 


3.00 


60.2 


3.41 


3.29 


3.25 


3.37 


3.33 


3.21 


2.95 


2.84 


2.71 


2.60 


61.2 


3.41 


3 31 


3.27 


3.21 


3.11 


3.11 


3.14 


2.96 


2.87 


2.59 


69.9 


3.41 


3.58 


3.45 


3.46 


3.60 


3.41 


3.17 


2.96 


2.90 


2.90 


60.0 


3.62 


3.52 


3.48 


3.48 


3.52 


3.62 


3.46 


3.17 


3.04 


2.96 


62.1 


3.62 


3.62 


3.62 


3.55 


3.52 


4 41 


3.41 


3.34 


3.31 


3.19 


63.5 


3.62 


3.65 


3.67 


3.45 


3.42 


3.41 


3.21 


3.21 


3.10 


3.06 


62.9 


3.83 


3.70 


3.67 


3.60 


3.62 


3.49 


3.36 


3.21 


3.18 


2.90 


6L5 


8.83 


3.72 


3.66 


3.55 


3.61 


3.38 


3.26 


3.14 


3.10 


2.78 


H eans = 62. 33 


3.917 


3.894 


3.846 


3.820 


3.820 


3.749 


3.666 


3.645 


3.405 


3.255 
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Velocities in feet per second at each tenth of depths ^c^Continued. 

STA.TION 16. 



Depth. 


Surface. 
6.81 


.1 ; 

! 
1 

7.55 1 


.2 

7.84 


.3 


.4 


1 
.5 1 

6.93 


7.36 


.7 


.8 
6.73 


.9 


80.0 


8.03 


7.65 


7.72 


6.82 


80.8 


7.39 


7.04 1 


0.96 


6.73 


6.75 


7.(15 


7.16 


6.86 


6.48 


6.23 


79.0 


6.93 


6.86 i 


6.93 


7.44 


6.93 


6.93 


6.58 


6.27 


5.72 


5.00 


7a 8 


7.39 


6.85 1 


7.05 


6.30 


6.28 


6.66 


6.34 


5.99 


5.70 


5.23 


77.9 


6.70 


7.06 


7.67 


7.77 


7.39 


7.20 


6.62 


6.25 


6.43 


5.70 


75.0 


6.47 


6.64 


6.70 


6.98 


6.93 


6.47 


6.81 


6.70 


6.93 


5.99 


73.2 


6.23 


6.23 


6.23 


6.23 


6.23 


6.32 


6.05 


5.60 


5.55 


5.27 


72.5 


6.00 


5.89 


6.19 


6.23 


6.62 


5.67 


5.63 


5.31 


5.17 


4.84 


70.7 


5.77 


5.65 


5.60 


5.62 


5.92 


5.74 


5.31 


5.11 


4.92 


4.67 


62.0 


5.08 


5.31 


6.31 


5.47 


5.54 


5.36 


4.61 


4.45 


4.38 


4.12 


63.0 


5.08 


5.20 


5.02 


4.98 


5.31 


5.23 


4.95 


4.65 


4.35 


4.12 


67.0 


3.92 


3.92 


3.92 


3.87 


3.74 


3.54 


3.28 


3.11 


2.87 


2.76 


53.0 


4.04 


4.37 


4.15 


4.13 


4.02 


3.88 


3.76 


3.69 


3.57 


8.46 


58.9 


4.38 


4..S6 


4.23 


4.10 


3.95 


4.03 


3.92 


3.77 


3.64 


3.57 


56.0 


3.92 


3.92 


8.92 


3.96 


3.98 


3.92 


3.87 


3.69 


3.47 


8.40 


56.0 


3.92 


4.23 


4.02 


3.97 


3.98 


4.06 


4.08 


4.04 


3.82 


3.68 


57.0 


4.15 


3.89 


3.72 


3.75 


3.82 


3.84 


3.80 


3.57 


3.53 


3.14 


55.7 


3.92 


3.92 


3.92 


3.92 


8.82 


3.69 


3.69 


3.69 


8.58 


3.57 


49.5 


4.03 


3.93 


3.83 


3.73 


3.72 


3.63 


3.53 


3.42 


3.32 


3 31 


53.0 


3.83 


3.71 


3.61 


3.50 


3.44 


3.49 


3.41 


8.37 


3.26 


8.15 


48.0 


3.62 


3.62 


3.62 


3.53 


3.43 


8.33 


3.23 


3.21 


3.21 


3.21 


47.5 


3.62 


3.62 


3.53 


3.52 


3.52 


3.44 


3.41 


3.41 


3.41 


3.27 


46.9 


3.41 


3.61 


3.62 


3.62 


3.62 


3.55 


3.45 


8.41 


3.35 


3.25 


49.5 


3. 'a 


3.00 


3.10 


3 00 


2.90 


2.99 


3.20 


3.01 


2.62 


2.21 


47.0 


3.00 


8.09 


3.20 


3.21 


3.05 


3.00 


3.00 


2.94 


2.90 


2.85 


47.4 


3.00 


3.39 


3.13 


3.02 


3.08 


3.03 


2.86 


2.92 


2.76 


2.48 


46.0 


8.00 


3.19 


3.12 


3.18 


3.07 


3.00 


3,11 


3 12 


2.96 


2.82 


47.0 


3.21 


3.30 


3.31 


3.23 


3.29 


3.09 


2.94 


2.84 


2.74 


2.64 


44.5 


3.41 


3.13 


3.02 


3.00 


2.94 


2.95 


3.00 


2.91 


2.57 


2.38 


51.1 


3.10 


3.10 


3.10 


3.10 


3.09 


3.00 


3.00 


2.99 


2.88 


2.77 


4&5 


2.79 


2.99 


2.80 


2.98 


2.82 


2.71 


2.61 


2.43 


2.80 


2.20 


49.0 


3.21 


3.10 


3.10 


2.91 


2.90 


2.80 


2.79 


2.70 


2.69 


2.61 


4&5 


3.00 


2.99 


2.89 


2.80 


2.97 


2.82 


2.71 


2.69 


2.61 


2.60 


49.5 


8.10 


3.00 


3.00 


3.00 


3.00 


3.00 


3.00 


2.91 


2.61 


2.49 


47.2 


3.21 


3.11 


3.01 


2.92 


2.82 


2.72 


2.63 


2.59 


2.59 


2.33 


48.0 


3.21 


3.21 


3.11 


2.83 


2.97 


3.00 


3.00 


3.00 


2.72 


2.32 


48.9 


3.00 


2.79 


2.90 


2.90 


2.90 


2.80 


2.52 


2.40 


2.38 


2.30 


47.4 


3.00 


3.00 


3.00 


3.00 


3.00 


3.00 


3.00 


3.00 


2.94 


2.84 


45.4 


2.79 


2.79 


2.88 


2.90 


2.96 


2.94 


2.94 


2.88 


2.66 


2.07 


44.9 


.3.00 


3.00 


3.00 


3.00 


8.00 


2.95 


2.83 


2.81 


2.57 


2.47 


49.0 


3.00 


3 00 


3.00 


3.00 


3.00 


2.91 


2.90 


2.81 


2.62 


2.42 


4&1 


3.31 


3.21 


3 21 


3.02 


2.81 


2.71 


2.69 


2.62 


2.59 


2.52 


49.1 


3.10 


3.00 


2.90 


2.90 


2.80 


2.70 


2.60 


2.49 


2.39 


2.30 


45.5 


8.00 


3.01 


3.08 


2.93 


2.83 


2.79 


2.74 


2.65 


2.59 


2.51 


48.0 


3.10 


3.10 


3.01 


2.91 


2.90 


2.81 


2.79 


2.72 


2.62 


2.46 


44.5 


3.31 


3.31 


3.23 


3.14 


3.04 


2.96 


2.90 


2.90 


2.89 


2.79 


47.1 


3.21 


3.21 


3.21 


3.04 


3.08 


3.03 


2.94 


2.84 


2.68 


2.34 


46.1 


3.81 


3.40 


3.24 


3.13 


3.10 


8.10 


3.10 


3.02 


2.82 


2.66 


45.4 


3.41 


3.51 


8.35 


3.24 


3.14 


3.10 


3.06 


2.97 


2.87 


2.77 


46.5 


3.41 


3.41 


3.24 


3.29 


3.24 


3.21 


3.15 


3.05 


2.96 


2.85 


45.2 


8.41 


3.41 


3.50 


3.37 


3.31 


3.31 


3.27 


3.21 


. 3.19 


3.09 


45.5 


8.62 


8.53 


3.60 


3.65 


3.89 


3.26 


3.26 


3.27 


3.18 


3.05 


49.7 


8.62 


8.72 


3.41 


8.41 


3.41 


8.31 


3.21 


3 10 


3.00 


2.91 


46.1 


3.72 


3.72 


8.55 


3.52 


3.32 


8.21 


3.10 
8.785 


3.00 


2.93 


2.76 


H6a]U=58.65 


8.989 


4.002 


3.976 


3.941 


8.902 


3.318 


8.631 


8.484 


8.260 
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Velocities infect per second at each tenth of depth, jfo. — Coutiuued. 

STATION 18. 



Depth. 


Sarface. 


.1 


.2 
7.46 


.3 

7.45 


.4 


.5 


.6 
7.27 


.7 


.8 


.9 


67.0 


7.22 


7.47 


7.64 


7.62 


7 29 


6.90 


7.42 


65.0 


6.93 


7.16 


7.30 


7.49 


6.90 


6.64 


6.48 


6.34 


6.14 


5.83 


67.5 


7.62 


7.17 


6.90 


7.23 


6.60 


6.50 


6.69 


6.62 


6.24 


5.85 


64.0 


6.93 


6.93 


6.93 


6.91 


6.91 


6.70 


6 62 


6.47 


6.32 


6.23 


63.1 


7.04 


6.70 


6.70 


6.70 


7.12 


6.31 


, 6.06 


6.33 


6.08 


5.65 


60.5 


5.77 


5.77 


5.68 


5.54 


5.54 


O. 04 


^ 5.48 


5.18 


4.93 


5.25 


61.0 


5.77 


5.54 


5.64 


5.62 


5.33 


4.84 


4.73 


4. MO 


4.67 


4.38 


5a 1 


5.77 


5.10 


5.16 


4.85 


5.15 


5.31 


4.86 


4.82 


4.54 


4.38 


56.0 


5.31 


5.05 


4.85 


4.76 


4.73 


4.77 


4.64 


4.81 


4.35 


4.14 


52.0 


4.85 


4.95 


4.58 


4.40 


4.47 


4.33 


4.20 


4.25 


3.84 


3.65 


49.2 


4.96 


5.08 


5.31 


5.*20 


5.30 


5.70 


4.97 


4.86 


4.64 


4.52 


45.5 


5.19 


5.08 


5.08 


4.91 


5.14 


5.18 


4.98 • 


4.76 


4.58 


4.48 


44.0 


4.61 


4.61 


4.43 


4.88 


4. -.6 


4.23 


4. 32 


4.15 


4.14 


3.94 


40.0 


3.69 


3.69 


3.96 


3.95 


3.78 


4.15 


3.79 


3.69 


3.61 


3.42 


40.9 


3.57 


3.31 


3.08 


2.99 


3.06 


3.22 


3.02 


2.92 


2.82 


2.72 


39.9 


3.92 


4.01 


3.83 


3.73 


3.82 


3.69 


3.87 


3.79 


3.60 


3.39 


41.0 


3.92 


3.92 


3.92 


3.87 


3.83 


3.89 


3.71 


3.52 


3.39 


3.27 


40.6 


3.69 


3.88 


3.85 


3.«5 


3.86 


3.66 


3.29 


3.23 


3.11 


2.92 


40.4 


3.92 


3.82 


3.80 


3.74 


3.69 


3.70 


3.98 


3.60 


3.30 


3.21 


39.6 


3.69 


3.69 


3.69 


3.64 


3.55 


3.46 


3.37 


. 3.34 


3.22 


2.95 


40.0 


•3.46 


.3.46 


3.46 


3.41 


3.34 


3.34 


3.06 


2.99 


2.90 


2.71 


42.9 


3.62 


3.44 


3.33 


3.37 


3.41 


3.29 


2.97 


2.79 


2.70 


2.62 


44.0 


3.41 


3.32 


3.31 


3.25 


3.10 


2.92 


2.79 


2.76 


2.58 


2.40 


43.0 


3.41 


3.41 


3.34 


3.31 


3.27 


3.15 


3.00 


3.00 


2.91 


2.82 


39.9 


3.21 


3.21 


3.21 


3.17 


3.08 


3.00 


2.76 


2.69 


2.65 


2.57 


40.8 


3.00 


3.00 


2.94 


2.85 


2.76 


2.70 


2.78 


2.65 


2.53 


2.44 


39.5 


3.21 


3.05 


3.00 


2.92 


2.74 


2.50 


2.48 


2.32 


2.22 


2.06 


36.1 


2 90 


2.90 


2.85 


2.79 
2.5& 


2.79 


2.54 


2.38 


2.38 


2.38 


2.21 


37.9 


2.59 


2.59 


2.59 


2.59 


2.59 


2.59 


2.46 


2.18 


2.34 


37.5 


3.21 


3.05 


2.90 


2.79 


2.79 


2.64 


2.54 


2.48 


2.48 


2.41 


36.5 


2.90 


2.90 


2.85 


2.79 


2.79 


2.72 


2.65 


2.58 


2.50 


2.42 


34.0 


3.10 


3.03 


2.89 


2.69 


2.69 


2.65 


2.57 


2.43 


2.34 


2.27 


31.2 


2.79 


2.79 


2.79 


2.79 


2.79 


2.79 


2.79 


2.72 


2.59 


2.59 


33.0 


2.59 


2.72 


2.79 


2.79 


2.79 


2.70 


2.49 


2.55 


2.41 


2.00 


37.0 


2.79 


2.95 


2.90 


2.79 


2.79 


2.72 


2.65 


2.59 


2.59 


2.41 


38.5 


2.69 


2.93 


2.95 


2.80 


2.58 


2.50 


2.42 


2.38 


2.36 


2.29 


35.1 


2.79 


2.79 


2.79 


2.79 


2.79 


2.74 


2.67 


2.60 


2.59 


2.50 


35.9 


3.00 


3.00 


2.91 


2.79 


2.79 


2.79 


2.73 


2 69 


2.59 


2.40 


34.5 


2.79 


^.65 


2.50 


2.40 


2.62 


2.55 


2.38 


2.38 


2.22 


2.01 


34.5 


2.59 


2.59 


2.55 


2.47 


2.40 


2.38 


•2.37 


2.30 


2.22 


2.15 


32.1 


3.00 


2.73 


2.59 


2.59 


2.53 


2.46 


2.40 


2.38 


2.37 


2.31 


34.0 


2.69 


2.69 


2.65 


2.59 


2.59 


2.55 


2.47 


2.40 


2.34 


2.27 


34.0 


2.90 


2.83 


2.79 


2.78 


2.65 


2.55 


2.46 


2.33 


2.14 


1.92 


33.0 


2.79 


2.79 


2.79 


2.79 


2.66 


2.53 


2.39 


2.32 


2.25 


2.18 


32.0 


3.00 


3.00 


3.00 


3.00 


2.88 


2.75 


2.62 


2.54 


2.47 


2.36 


35.0 


2.90 


2.90 


2.82 


2.68 


2.61 


2.54 


2.46 


2.39 


2.25 


2.11 


33.1 


3.21 


3.07 


3.00 


3.03 


3.00 


2.90 


2.70 


2.63 


2.53 


2.39 


82.1 


3.10. 


3.04 


2.94 


2.81 


2.79 


2.75 


2.63 


2.54 


2.45 


2.28 


33.2 


3.21 


3.21 


3.14 


3.00 


2.86 


2.79 


2.79 


2.73 


2.66 


2.59 


34.5 


3.31 


3.23 


3.13 


2.98 


2.84 


2.71 


2.58 


2.50 


2.33 


2.10 


33.8 


3.00 


3.00 


3.00 


3.00 


2.85 


2.71 


2 58 


2.51 


2.40 


2.26 


33.0 


3.31 


3.38 


3.38 


3.23 


3.21 


3.12 


2.91 


2.71 


2.56 


2.49 


34.1 


3.41 


3.34 


3.27 


3.20 


3.06 


2.91 


2.78 


2.71 


2.65 


2 58 


33 2 


3.41 


3.41 


3.38 


3.31 


3.24 


3.17 


3.10 


3.04 


2.93 


2.79 


34.5 


3.52 


3.44 


3.37 


3.30 


3.15 


3.10 


3.07 


2.93 


2.84 


2.77 


35.0 


3.62 


3.55 


3.48 


3.39 


3.04 


3.11 


2 98 


2.91 


2.83 


2.74 


34.0 


3.62 


3.46 


3 41 


3.39 


3.27 


3.08 


2.87 


2.66 


2.59 


2.59 


Means — 41.36 


3.832 


3.786 


3.739 


3.689 


3.628 


3.540 


3.424 


3.345 


3.210 


3.089 
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Velocities in feet per second at each tenth of depths ^'c, — Continued. 

STATION 20. 



Depth. 


Surface. 
5.89 


! .1 

' 6.44 


1 

! .2 

1 


i .3 

1 7.20 


1 

.4 

1 6.91 


1 

.5 

1 

1 6.92 


i '^ 


, .7 
i 6.40 


1 

1 .8 


.0 


63.9 


6.95 


' 6.97 


5.67 


5.68 


52.0 


6.29 


6.47 


6.54 


6.79 


7.07 


7.20 


; 7.27 


6.99 


6.70 


6.36 


53.0 


6.85 


6.58 


6.63 


7.00 


7.22 


7.03 


6.88 


' 6.77 


6.64 


6.52 


62.8 


6.47 


6.58 


6.65 


6.75 


6.47 


6.41 


1 6.37 


' 6.54 


6.42 


6.20 


63.0 


6.47 


6.47 


6.47 


6.44 


6.22 


6.07 


I 6.19 


1 6.03 


5.77 


5.77 


64.5 


6.47 


6.23 


6.21 


6.11 


6.02 


5.97 


, 6.07 


1 6.23 


6.04 


5.81 


49.5 


6.47 


6.47 


6.24 


6.23 


6.45 


6.24 


6.45 


6.25 


6.23 


6.02 


4a5 


5.77 


6.23 


6.02 


6.64 


6.30 


6.63 


6.33 


6.23 


6.03 


5.82 


45. 


5.08 


5.50 


5.36 


5.39 


5.63 


' 5.31 


1 4.85 


4.85 


4.85 


4.85 


45.0 


5.31 


5.20 


4.92 


' 5.09 


; 5.33 


. 5.13 


' 5.03 


5.23 


5.00 


4.55 


45.0 


4.85 


4.95 


4.88 


I 4.53 


! 4.52 


4.61 


4.61 


4.54 


4.34 


4.13 


36.0 


4.85 


4.85 


4.75 


4.56 


4.42 


4.25 


1 4.07 


3.90 


8.74 


3.68 


80.0 


4.38 


4.38 


4.27 


4.17 


4.25 


4.20 


4.15 


4 14 


3.97 


3.02 


88.9 


4.38 


4.56 


4.61 


4.50 


4.26 


4.17 


4.08 


4.04 


4.01 


3.02 


85.1 


• 4.61 


4.61 


4.57 


4.49 


4.40 


4.32 


4.22 


4.06 


4.11 


4.11 


29.0 


3.46 


3.46 


3.42 


3.30 


3.18 


3.12 


3.05 


2.97 


2.84 


2.72 


28.0 


3.92 


3 85 


3.7C 


3.57 


3.43 


3. 86 


3.38 


3.45 


3.08 


2.96 


29.0 


3,46 


3.60 


3.69 


3.69 


'3.61 


3.48 


3.46 


3.46 


3.46 


8.40 


28.0 


3.80 


3.74 


3.69 


3.69 


3.66 


3.59 


3.53 


3.47 


3.29 


3.10 


26.2 


3.09 


3.69 


3.69 


3.69 


3.67 


3 55- 


3.44 


3.38 


3.26 


3.03 


26.2 


3.34 


3.34 


3.34 


3.28 


3.18 


2.94 


2.76 


2.69 


2.63 


2.56 


28.5 


3.52 


3.38 


3.29 


3.23 


3.15 


i 3.03 


2.83 


2.60 


2.35 


2.10 


28.0 


3.31 


3.31 


3.28 


3.17 


3.05 


2.94 


2.86 


2.80 


2.74 


2.60 


26.0 


8.00 


3.00 


2.99 


2.88 


2.78 


2.73 


2.68 


2.63 


2.56 


2.47 


24.8 


3.21 


3 11 


3.01 


2.90 


2 80 


2.79 


2,79 


2.71 


2.60 


2.40 


23.9 


2.59 


2.59 


2.59 


2.50 


2.40 


2.34 


2.29 


2.17 


2.02 


1.86 


23.8 


2.59 


2.59 


2.59 


2.59 


2.59 


2.51 


2.41 


2.81 


2.21 


2.11 


24.0 


2.48 


2.43 


2 38 


2.42 


2.41 


2.44 


2.39 


2.38 


2.38 


2.30 


23.1 


2.59 


2 54 


2.49 


2.44 


2.40 


2.38 


2.38 


2.36 


2.31 


2.26 


23.0 


2.69 


2.59 


2.50 


2.44 


2.40 


2.32 


2.22 


2.15 


2.10 


2.06 


21.0 


2.38 


2.38 


2.38 


2.33 


2.24 


2.15 


2.06 


1.97 


1.84 


L70 


20.5 


2.59 


2.59 


2.59 


2.59 


2.59 


2.57 


2.45 


2.32 


2.23 


2.15 


22.0 


2.79 


2.70 


2.61 


2.55 


2.51 


2.46 


2.42 


2.36 


2.27 


2.16 


23.1 


2.59 


2.64 


2.68 


2.57 


2.48 


2.28 


2.13 


2.04 


1.99 


1.94 


22.8 


2.38 


2.43 


2.47 


2.44 


2.40 


2.26 


2.07 


1.92 


1.83 


1.74 


21.9 


2.59 


2.50 


2.41 


2.31 


2.22 


2.17 


2.17 


2.16 


2.12 


2.08 


22.5 


2.38 


2.33 


2.29 


2.21 


2.11 


2.04 


1.99 


1.89 


L71 


1.63 


24.5 


2.48 


2.53 


2.50 


2.49 


2.39 


2.29 


2.18 


2.17 


2.17 


2.08 


22.9 


2.28 


2.37 


2.46 


2 44 


2.40 


2.26 


2.07 


1.90 


1.75 


L61 


20.4 


2.38 


2.38 


2.38 


2.33 


2.25 


2.16 


2.08 


1.99 


1.92 


1.85 


20.6 


2.38 


2.38 


2.38 


2.33 


2.24 


2.17 


2.17 


2.17 


2.12 


2.05 


19.9 


2.59 


2.55 


2.50 


2.40 


2.24 


2.07 


1.95 


1.83 


1.71 


LOO 


20.0 


2.59 


2.59 


2.59 


2.55 


2.46 


2.38 


2.21 


2.04 


1.89 


L76 


20.2 


2.48 


2.48 


2.48 


2 46 


2.42 


2.38 


2.34 


2.30 


2.24 


2.16 


20.5 


2.48 


2.44 


2.40 


2.33 


2.25 


2.16 


2.12 


2.08 


1.0^ 


1.67 


19.2 


2.59 


2.59 


2.59 


2.56 


2.48 


2.40 


2.35 


2.31 


2.27 


2.23 


20.8 


2.48 


2.48 


2.48 


2.46 


2.41 


2.36 


2.23 


2.10 


1.98 


L02 


19.8 


2.69 


2.65 


2.61 


2.57 


2.53 


2.50 


2.44 


2.40 


2.35 


2.20 


22.5 


2.79 


2.70 


2.61 


2.55 


2.50 . 


2.43 


2 34 


2.25 


2.15 


106 


21.1 


3.00 


2.91 


2.82 


2.76 


2.72 


2.66 


2.53 


2.39 


2.34 


2.30 


20.1 


3.00 


2.92 


2.83 


2.77 


2.73 


2.67 


2.60 


2.52 


2.45 


2.40 


20.8 


8.00 


2.91 


2.83 


2.77 


2.72 


2.67 


2.59 


2.50 


2.43 


2.86 


20.3 


3.31 


8.35 


3.89 


3.37 


3.29 


3.20 


3.03 


2.86 


2.71 


2.57 


22.5 


3.52 


8.43 


3.83 


3.27 


3.23 


3.18 


3.19 


2.87 


2.79 


2.71 


21.5 


3.62 


3 57 


8.53 


3.48 


3.44 


8.35 


3.21 


3.10 


3.02 


2.83 


22.0 


3.41 


3.37 


8.32 


3 28 


3.23 


3.15 


3.01 


2.88 


2.74 


2.60 


Ui6aD8=:29.33 


3.608 


3.623 


3.505 


3.569 


3.511 


3.435 


3.356 


3.268 


3.149 


8.084 
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Velocities in feet per second at ecLch tenth of depths <fc. — Contiuued. 

STATION 22. 



Depth. 


Surface. 


.1 


.2 


.3 


.4 


.5 


.6 


.7 


.8 


.9 


44.0 


5.42 


5.88 


6.08 


6.65 


6.78 


6.57 


6.39 


6.16 


6.05 


5.91 


45.0 


6.23 


6.19 


6.11 


6.03 


5.93 


5.89 


5.89 


5.92 


5.88 


5.57 


45.5 


6.12 


5.92 


6.07 


6.55 


6.99 


7.03 


6.83 


6.61 


6.41 


6.20 


45.5 


6.00 


6.52 


6.68 


6.88 


6.93 


6.67. 


6.36 


6.14 


5.94 


5.70 


43.8 


6.00 


6.29 


6.26 


6.32 


6.17 


6.00 


5.93 


5.79 


5.89 


5.00 


45.5 


6.00 


6.32 


6.16 


6.21 


6.27 


5.89 


5.92 


5.88 


5.68 


4.42 


46.0 


6.23 


6.13 


5.93 


5.71 


5.88 


6.00 


5.93 


5.87 


5.72 


5.61 


42.5 


6.23 


6.23 


6.23 


6.30 


6.35 


6.38 


6.47 


6.47 


6.44 


6.17 


42.5 


5.77 


6.06 


6.04 


5.87 


5.77 


5.72 


5.63 


6.20 


5.86 


5.77 


42.5 


5.77 


5.77 


5.25 


5.60 


6.28 


6.72 


6.69 


5.93 


5.79 


6.77 


42.0 


5.54 


5.92 


5.83 


5.65 


5.46 


5.28 


5.18 


4.68 


4.28 


4.40 


40.0 


4.38 


5.11 


5.17 


5.08 


4.91 


4.15 


4.33 


4.38 


4.58 


4.90 


38.1 


5.08 


5.61 


5.53 


5.23 


5.07 


4.90 


4.72 


4.53 


4.35 


4.17 


35.8 


4.85 


4.85 


4.65 


4.38 


4.38 


4.32 


4.45 


4.85 


4.17 


3.60 


35.8 


4.38 


4.46 


4.54 


4.43 


4.20 


4.28 


4.24 


3.92 


8.83 


3.75 


30.0 


4.61 


4.47 


4.38 


4.38 


4 07 


3.69 


3.55 


3.43 


3.37 


3.30 


29.9 


4.61 


4.61 


4.55 


4.43 


4.33 


4.27 


4 33 


4.34 


4.20 


4.05 


30.0 


4.15 


4.22 


4.27 


4.27 


4.18 


4.04 


3.97 


3.90 


3.80 


3.75 


29.5 


4.27 


4.33 


4.38 


4.38 


4.30 


4.16 


4.03 


3.90 


8.83 


3.76 


29.0 


4.38 


4.64 


4.78 


4.51 


4.30 


4.17 


3.99 


3.78 


3.58 


3.40 


21.0 


2.99 


3.09 


3.19 


3.17 


3.07 


2.97 


2.87 


2.77 


2.66 


2.55 


21.0 


3.69 


3.69 


3.69 


3.60 


3.45 


3.30 


3.16 


3.01 


2.85 


2.69 


21.5 


3.46 


3.36 


3.26 


3.23 


3.23 


3.19 


3.09 


*2.99 


2.82 


2.66 


20.8 


3.69 


3.59 


3.50 


3.43 


3.38 


3.31 


3.17 


3.02 


2.63 


2.70 


21.1 


3.34 


3.29 


3.25 


3.20 


3.15 


3.08 


2.99 


2.89 


2.80 


2.72 


20.1 


3.23 


3.27 


3.32 


3.29 


3.20 


3.11 


3.06 


3.01 


2.87 


2.40 


20.0 


2.88 


2.88 


2.88 


2.86 


2.81 


2.76 


2.72 


2.67 


2.61 


2.53 


19.5 


3.23 


3.14 


3.04 


2.9ft 


2.99 


2.99 


2.91 


2.82 


2.74 


2.67 


19.0 


2.88 


2.83 


2.79 


2.76 


2.76 


2 76 


2.70 


2.61 


2.51 


2.28 


23.5 


3.62 


3.52 


3.42 


3.33 


3.23 


3.10 


2.96 


2.81 


2.66 


2.52 


22.2 


3.21 


3.21 


3.21 


3.21 


3.21 


3.09 


2.86 


2.65 


2.40 


2.17 


20.9 


2.79 


2.79 


2.79 


2.79 


2.79 


2.78 


2.74 


2.70 


2.63 


2.56 


17.2 


2.90 


2.90 


2.90 


2.79 


2.75 


2.72 


2.67 


2.56 


2.46 


2.85 


l&l 


3.21 


3.05 


2.92 


2 76 


2.65 


2.54 


2.42 


2.30 


2.19 


2.10 


17.0 


2.38 


2.31 


2.24 


2.17 


2.09 


2.02 


1.94 


1.80 


1.66 


1.53 


16.2 


2.17 


2.17 


2.17 


2.17 


2.05 


1.92 


1.78 


1.62 


1.45 


1.28 


15.0 


1.96 


2.06 


2.15 


2.25 


2.26r 


2.23 


2.19 


2.12 


1.96 


1.80 


15.2 


1.96 


2.06 


2. 09 


2.15 


2.10 


2.01 


1.91 


1.83 


1.75 


L68 


14.5 


1.86 


1.86 


1.86 


1.86 


1.84 


1.81 


1.79 


1.75 


1.67 


1.59 


16.9 


1.96 


1.96 


1.96 


1.96 


1.89 


1.82 


1.75 


1.66 


1.57 


1.49 


15.5 


2.07 


2.10 


2.13 


2.16 


2.12 


2.05 


1.99 


1.93 


1.88 


1.83 


16.0 


2.38 


2.31 


2.25 


2.18 


2.06 


1.92 


1.79 


1.59 


1.37 


1.14 


17.4 


2.17 


2.17 


2.17 


2.16 


2.05 


1.94 


1.85 


1.82 


1.78 


1.75 


17.1 


2.17 


2.21 


2.25 


2.27 


2.16 


2.05 


1.95 


1.92 


1.91 


1.85 


15.9 


2.17 


2.17 


2.17 


2.17 


2.14 


2.11 


2.08 


2.01 


1.92 


1.72 


16.5 


1.96 


1.96 


1.96 


1.96 


1.93 


L89 


1.86 


1.75 


1.64 


1.52 


15.5 


2.17 


2.17 


2.17 


2.17 


2.15 


2.11 


2.08 


1.98 


1.84 


1.66 


17.1 


2.07 


2.03 


1.99 


1.95- 


1.89 


1.82 


1.74 


1.59 


1.45 


1.31 


15.1 


1.96 


1.96 


1.96 


1.96 


1.92 


1.86 


1.80 


1.70 


1.54 


L38 


14.8 


1.86 


1.89 


L92 


1.95 


1.92 


1.86 


1.80 


1.74 


1 66 


L58 


15.1 


L76 


1.76 


1.76 


1.76 


1.68 


1.55 


1.42 


1.30 


1.18 


1.10 


15.3 


1.96 


1.96 


1.96 


1.96 


1.94 


1.91 


1.88 


1.82 


1.75 


L65 


15.5 


2.28 


2.25 


2.21 


2.18 


2.15 


2.11 


2.08 


2.04 


L98 


L02 


15.2 


2.38 


2.32 


2.25 


2.19 


2.12 . 


2.06 


2.00 


1.94 


1.89 


1.80 


16.0 


1.76 


1.79 


L82 


t.85 


1.84 


1.81 


1.78 


1.74 


1.69 


1.63 


15.2 


1.86 


1.83 


1.80 


1.77 


1.74 


1.70 


1.67 


1.63 


1.58 


L53 


16.1 


2.17 


2.14 


2.11 


2.07 


2.04 


2.00 


1.97 


1.87 


1.77 


1.66 


16.1 


2.07 


2.03 


2.00 


L96 


1.93 


1.90 


1.87 


1.86 


1.86 


1.70 


16.2 


2.38 


2.38 


2.38 


2.38 


2.25 


2.12 


L98 


1.86 


1.76 


L65 


16.1 


2.38 


2.38 


2.38 


2.38 


2.35 


2.32 


2.29 


2.21 


2.13 


2.04 


IS. 8 


2.59 


2.56 


2.52 


2.49 


2.43 


2.36 


2.30 


2.25 


2.21 


2.16 


16.4 


2.69 


2.62 


2.55 


2.48 


2.45 


2.42 


2.38 


2.30 


2.25 


2.13 


16.8 


2.90 


2.83 


2.76 


2.69 


2.66 


2.62 


2.59 


2.52 


2.45 


2.87 


17.0 


2.00 


2.86 


2.83 


2.79 


2.75 


2.72 


2.68 


2.61 


2.54 


2.47 


lis. 8 


2.60 


2.65 


2.61 


2.58 


2.53 


2.49 


2.45 


2.42 


2.38 


2.34 


lfean8=24.08 


3.372 


8.414 


3.391 


3.374 


3.333 


3.251 


3.181 


3.087 


2.937 


2.836 
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Velocities in feet per second at each tenth of depth, ^-c. — Continaed. 

STATION 24. 



Depth. 



Snrface. 



37.2 

30.6 

37.5 

36.5 

37.0 

37.8 

37.0 

35.3 

36.0 

37.0 

31.5 

30.0 

28.4 

22.0 

22.9 

22.0 

20.0 

13.8 

14.0 

14.8 

14.5 

14.0 

13.1 

12.2 

12.2 

12.2 

14 9 

14.6 

13.5 

12.1 

10.2 

9.5 

8.9 

8.4 

9.0 

9.3 

8.0 

10.1 

10.1 

10.2 

10.1 

10.1 

10^.0 

9.5 

9.0 

9.0 

8.5 

0.5 

10.5 

11.2 

11.8 

12.0 



4.79 
5.60 
5.66 
5.31 
5.31 
5.72 
5.36 
6.00 
5.31 
4.96 
4.15 
4.85 
4.61 
4.38 
4.27 
4.04 
3.46 
2.30 
2.-30 
2.53 
2.30 
2.30 
2.18 
2.97 
2.18 
2 53 
2.59 
2.38 
1.96 
1.86 
1.76 
1.14 
1.24 
.1.55 
1.76 
1.34 
1.34 
1.45 
1.45 
1.34 
1.34 
4.34 
1.34 
1.34 
1.34 
1.24 



1. 
1. 
1. 



24 
45 

55 



1.96 
2.28 
2.07 



.1 



5.09 
5.67 
5.57 
5.38 
5.55 
5.67 
5 40 
6.00 
5.47 
4.96 
4.57 
4.85 
4.47 
4.33 
4.32 
4.04 
3.46 
2.30 
2.30 
2.53 
2.30 
2.30 
2.18 
2.10 
2.15 
2.50 
2.59 
2.38 
1.96 
1.84 
1.72 
1.14 
1.19 
1.51 
1.67 
1.29 
1.30 
1.41 
1.43 
1.30 
1.32 
1.34 
1.32 
1.32 
1.29 
1.20 
1.20 
1.42 
1.53 
1.98 
2.23 
2.07 



.2 



Means = 17. 88 



2.810 I 2.S16 



5.30 
5.77 
5.61 
5.42 
5.61 
5.71 
5.28 
5.82 
5.54 
5.12 
4.67 
4.85 
4.38 
4.28 
4.37 
4.04 
3.46 
2.30 
2.30 
2.53 
2.30 
2.30 
2.18 
2.12 
2.13 
2.47 
2.59 
2.38 
1.96 
1.81 
1.67 
L14 
1.15 
1.47 
1.57 
1.25 
1.26 
1.37 
1.41 
1.26 
1.30 
1.34 
1.30 
1.29 
1.25 
1.16 
1.17 
1.40 
1.50 
2.10 
2.18 
2.U7 



.8 



.4 



.5 



5.30 
5.93 
5.67 
5.47 
5.59 
5.81 
5.16 
5.55 
5.61 
5.19 
4.23 
4.85 
4.38 
4.23 
4.38 
4.01 
3.44 
2.30 
2.30 
2.53 
2.30 
2.30 
2.18 
2.15 
2.10 
2.44 
2.59 
2.38 
1.96 
1.79 
1.63 
1.14 
1.10 
1.41 
1.48 
1.20 
1.22 
1.32 
1.38 
1.22 
1.28 
1.34 
1.28 
1.27 
1.20 
1.13 
1.13 
1.37 
1.47 
2.03 
2.13 
2.07 



5.03 
5.96 
5.72 
5.63 
5.72 
5.88 
5.19 
5.64 
5.82 
4.87 
4.40 
4.74 
4.34 
4.18 
4.38 
3.95 
3.38 
2.30 
2.26 
2.49 
2.34 
2.27 
2.17 
2.18 
2.07 
2.42 
2.49 
2.33 
1.94 
1.76 
1.59 
1.14 
1.05 
1.38 
1.38 
1.15 
1.18 
1.28 
1.36 
1.18 
1.26 
1.34 
1.26 
1.25 
1.16 
1.09 
1.20 
1.35 
1.43 
2.05 
2.08 
2.07 



5.35 
5.95 
5.76 
5.66 
5.76 
5.63 
5.19 
5.72 
5.79 
4.53 
4.51 
4.61 
4.28 
4.13 
4.28 
3.88 
3.34 
2.30 
2.16 
2.42 
2.40 
2.21 
2.15 
2.13 
2.04 
2.33 
2.34 
2.24 
1.85 
1.74 
1.55 
1.14 
1.03 
1.32 
1.31 
1.10 
1.14 
1.24 
1.34 
1.15 
1.24 
1.34 
1.24 
1.16 
1.11 
1.05 
1.06 
1.26 
1.34 
2.04 
2.03 
2.05 



.6 



5.45 
5.91 
5.77 
5.62 
5.57 
5.45 
5.14 
5.72 
5.70 
4.27 
4.07 
4.47 
4.12 
4.08 
4.13 
3.84 
3.23 
2.30 
2.06 
2.35 
2.47 
2.14 
2.12 
2.07 
2.01 
2.20 
2.18 
2.15 
1.77 
1.71 
1.51 
1.14 
1.03 
1.24 
1.25 
1.05 
1.10 
1.19 
1.29 
1.20 
1.19 
1.29 
1.19 
1.06 
1.07 
1.01 
l.Ol 
1.24 
1.34 
1.97 
1.98 
2.U2 



2. 812 ; 2. 787 I 2. 771 

I 



2. 729 : 2. 663 



.7 



5.29 
5.83 
5.68 
5.53 
5.35 
5.17 
5.06 
5.56 
5.54 
4.12 
4.02 
4.28 
3.93 
4.03 
4.02 
3.77 
3.15 
2.30 
1.96 
2.28 
2.50 
2.08 
2.19 
2.12 
1.99 
2.09 
2.02 
2.06 
1.68 
1.68 
1.48 
1.14 
1.03 
1.15 
1.25 
0.98 
1.05 
1.14 
1.24 
1.21 
1.14 
1.24 
1.14 
0.96 
0.91 
0.96 
0.84 
1.24 
1.34 
1.87 
1.93 
2.00 




4.82 
5.68 
5.42 
5.43 
6.57 
4.72 
4.97 
6.40 
5.36 
3.93 
4.16 
4.02 
3.66 
3.98 
3.96 
3.63 
3.08 
2.30 
1.88 
2.19 
2.16 
1.93 
2.06 
1.96 
1.96 
1.97 
1.87 
1.98 
1.60 
1.66 
1.44 
1.04 
1.00 
1.07 
1.13 
0.89 
1.01 
1.09 
1. » 
1.18 
1.09 
1.19 
1.09 
0.83 
0.87 
0.92 
0.67 
1.20 
1.34 
1.76 
1.88 
1.97 



.9 



2. 5S7 2. 483 



3.55 
5.54 
5.00 
6.35 
6.11 
4.45 
4.88 
5.20 
5.08 
3.92 
3.70 
3.78 
3.40 
3.92 
3.91 
3.47 
2.88 
2.00 
1.80 
2.10 
1.83 
1.77 
2.03 
1.90 
1.93 
1.80 
1.71 
1.90 
L5a 
1.63 
L41 
a94 
0.90 
0.98 
1.06 
0.79 
0.96 
1.04 
1.14 
L13 
L04 
1.14 
0.99 
0.67 
0.82 
0.97 
0.53 
1.15 
1.34 
1.60 
1.84 
1.92 

2.335 



STATION 26. 



23.2 


3.75 


a 82 


3.85 


4 00 


4.15 


4.20 


4.18 


4.08 


3.88 


3.60 


22.6 


3.54 


3 61 


3.65 


3.62 


3.53 


3.48 


3.46 


3.40 


3.27 


3.14 


23.5 


3.80 


4.14 


4.45 


4.45 


4.40 


4.37 


4.35 


! 4.22 


4.02 


3.80 


23.5 


3.98 


4.10 


4.18 


4.26 


4. .33 


4.22 


4.10 


1 4.10 


4.17 


4.10 


24.8 


4.04 


4.16 


4.27 


4.38 


4.50 


4.22 


3.93 


3.78 


3.64 


3.50 


23.8 


4.15 


4.34 


4.48 


4.47 


4.45 


4.50 


4.45 


4.38 


4.29 


4.15 


24.9 


3.98 


4.13 


4.26 


3.99 


3.69 


3.93 


4.15 


3.94 


3.70 


8.40 


23.2 


4.04 


4.09 


4.14 


4.15 


4.15 


4.15 


4.15 


4.04 


3.82 


3.61 


22.4 


4.15 


4.15 


4.15 


4.11 


4.04 


4.01 


3.96 


3.90 


3.85 


3.80 


22.5 


3.92 


3.92 


3.92 


3.83 


3.73 


3.63 


3.53 


3.43 


3.33 


3.23 


22.0 


3.80 


3.80 


3.80 


3.91 


4.07 


4.06 


3.86 


3.67 


3.57 


3.47 


18.5 


3.92 


3.92 


3.92 


3.90 


3.90 


3 90 


3.82 


3.65 


3.48 


3.31 


17.5 


3.46 


3.46 


3 46 


3.45 


3.42 


3.H8 


3.34 


3.31 


3.26 


3.20 


16.0 


2.99 


2.99 


2.99 


2.99 


3.09 


3.20 


3.37 


3.20 


3.02 


2.88 


15.0 


2.99 


2.99 


2.99 


2.99 


2.99 


2.99 


2.99 


2.99 


2.99 


2.90 


9.9 


3.46 


3.46 


3.46 


3.46 


3.23 


3.00 


2.78 


2.54 


2.38 


2.00 


8.9 


2.30 


2.30 


2.30 


2.30 


2.30 


2.27 


2.22 


2.17 


2.12 


2.06 


&8 


• 2.07 


2.07 


2.07 


2.03 


1.98 


1.93 


1.88 


1.83 


2.78 


2. 73 


Means s 19. 49 


3.574 


3.636 


3.686 


3.683 


3.664 


3.636 


3.584 


3.479 


3.421 


3.273 
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Velocities in feet per second at each tenth of depthy <fo. — Coutinued. 
MEAN VALUES OF STATION MEANS. 



No. of station. 


Surface. 


.1 


.2 


.3 
3.407 


.4 




.6 
3.239 


.7 


.8 


.9 


2 


3.441 


3.450 


3.457 


3.346 


3.283 


3.217 


3.127 


2.969 


4 


2. 716 


2.733 


2.729 


2.698 


2.668 


2.571 


2.495 


2.423 


2. 339 


2.243 


6 


3.112 


3.136 


3.103 


3.091 


3.090 


2.991 


2.908 


2.816 


2.677 


2.527 


8 


3.438 


3 435 


3.434 


3.454 


3.405 


3.336 


3.246 


3.160 


3.041 


2.917 


10 


3.622 


3.657 


3.'696 


3.719 


3.675 


3.649 


3.525 


3.448 


3.310 


3.079 


12 


3.767 


3.768 


3.727 


3.708 


3.675 


3.600 


3.544 


3.447 


3.300 


3.152 


14 


3.917 


3.894 


3.846 


3.820 


3. 820 


3.749 


3.656 


3.545 


3.405 


3.255 


16 


3 989 


4.002 


3.976 


3.941 


3.902 


3.818 


3.735 


3.631 


3.484 


3.269 


18 


3.e32 


3. 786 


3.739 


3.681 


3.628 


3.540 


3.424 


3.345 


3.210 


3.088 


20 


3.608 


3.623 


3.595 


3.569 


3.511 


3.435 


3.356 


3.268 


3.149 


3.034 


22 


3.372 


3.414 


3.391 


3.374 


3.333 


. 3.251 


3.181 


3.087 


2.937 


2.836 


24 


2.810 


2.816 


2.812 


2.'787 


2.771 


2.729 


2. 663 


2.587 


2.483 


2.335 


26 


3.574 


3.636 
3.488 


3.686 


3.683 


3.664 


3.636 


3.584 


3.479 


3.421 


3.273 


Meaps = 


3.477 


3.476 


3.456 


3. 422 


3.353 


3. 274 


3.189 


3.068 


2.921 



MEAN VALUES OF ALL OBSERVATIONS. 



Means -= 



3.466 



3.475 



3.458 



3.439 



3.405 



3.332 



3.249 



3.161 



3.034 



-2.80« 



5.— Red River Landing, Louisiana. 

Office Mississippi River Commission, 

iSaint Louis f Mo,, August 15, 1884. 

Sir : I have the honor to submit a report on experimental work performed at Red 
River Landing and vicinity, by Assistant John Ewens, in the season 1881-'82. 

The work embraced the following particulars: Determination of velocities in ver- 
tical planes; bend soundings and transverse velocity observations; experiments with 
the current meter. 

Vertical velocities. — ^These observations were made during the period from July 12 to 
November 18, 1882, at stages ranging from 41 feet on the gauge, 8 feet below the high 
water of the year, down to 9 feet, the low water of the year. They are thirty-five m 
number, thirty-two of which were on the Mississippi section, distributed irregularly 
among thirteen of the fourteen velocity stations permanently located on the section. 
The remaining three were taken at one station on the Atchafalaya section. 

The meter (Ellis, Nos. 5 and 7) was used throughout, and was run for one minute at 
each foot in depth descending ; the series was not repeated in ascending. 

The results are shown in detail on sheets Nos. 1-7, a plotted curve accompanying 
each table of velocities.* For the purpose of computing the mean velocities in some 
cases where observations were wanting, values were interpolated, and in all cases the 
probable curve of velocity was continued to the surface and to the bottom; poi-tions 
thus obtained are denoted by dotted lines. 

These curves were divided vertically into tenths, the velocities at the points so fixed 
were tabulated by stations, and the mean for each station computed and plotted. 
There results a series of thirteen station means, of eleven teims each. All the obser- 
vations were then combined into a single vertical or grand mean. The station and 
grand means are shown on pages 8 and 9. 

It will be observed that the surface velocity in most of these curves, and in the 
grand mean, is distinctly lower than that at the first tenth. To determine the form 
of the curve in this part, the first tenth of each curve was divided into fourths, and 
the mean velocity at the three intermediate points computed, giving velocities at 1, 
2, and 3 fortieths of depth, in addition to the tenths already determined. The re- 
sulting curve is the dotted line 1, 2, 3, shown in the double-scale curve on sheet No. 
9. The form of this partial curve shows that the velocity is maintained nearer the 
surface than the main curve would imply, and leads to the suspicion that the ap- 
parently low surface velocity is the result of a constant error caused by running the 
meter too near the surface. (See, however. Catamaran experiment.) 

Computation of the elements of the mean curve from three points makes the ratio 
of the semi-axis negative ; the curve is therefore an ellipse, of which the axis (as- 
sumed parallel to the water-surface) lies at not more than one-thirtieth of the depth. 
The mean velocity is at about six- tenths of the depth. 

* Not published. 
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The form of the Atchafalaya curve, as far as the data give it, does uot appear to 
vary materially from that of the Mississippi, the maximum velocity being near the 
surface, and the mean somewhat below mid-depth. 

Bend soundings. — The section selected was at Brunette Point, 17 miles below Red 
River Landing. Soundings were made and velocities observed six times, from May 
30 to October 31. The results are presented graphically on pages 10 and 11. The 
section of October 31 was not plotted since, in the absence of instruments, the sonnd- 
ings were located by comparison with those of a previous date, and therefore have 
no independent value ; the velocities, however, being doubtless located with sufficient 
exactness, were plotted for the sake of extending the comjiarison. 

The gauge-readings given in the notes on this section being from the Red River 
Landing gauge, the elevation of water surface above Cairo datum was obtained by 
comparison of Red River and Port Hickey gauges, the latter being corrected for Sep- 
tember 29 and October 31, when it was evidently in error, by reference to the Baton 
Rouge gauge and comparison of readings at the corresponding stages in 18H3. 

The locus of maximum velocity lies in the convex side of the river, where a notice- 
able fill is shown by the section of September 29, as the velocity decreased. 

The velocities through this section were observed at depths varying from 3 tD 35 
feet, and for comparison have been reduced to mid- depth by using coefficients de- 
rived from the vertical curves at CarroUton, where the conditions are somewhat 
similar. 

In order to compare the flow at this section with that at Red Rivor Landing for the 
same dates the discharges were computed, with the following results : 



Date. 



]£ay30 

Jane 27 

Jnly25 

Augnst 9 . . . . 
September 29 



§ 






41.31 
41.70 
40.00 
82.10 
14.36 



Bi*nnette Bend. 



Mean 
velocity. 



5.38 
5.42 
4.86 
3.63 
2.60 



Disoharge. 



1, 245, 224 

1,228,480 

1, 074, 400 

733, 791 

383, 400 



Red River Landing. 



Mean 
velocity. 



4.93 
4.64 
4.28 
3.33 
2.53 



Discharge. 



1, 135. 082 

1,092,263 

982,434 

649,672 

309,557 



Exceaa at Bru- 
nette Bend. 



Cabio 
feet. 



110, 142 

136,217 

91,966 

84,099 

73,843 



Per 
cent. 



9.7 
12.5 

0.4 
18.0 
23.8 



These differences seem to indicate that in sections of this character, where the main 
flow of the river sets across the convex and shoaler side of the bend, the mean veloc- 
ity in the deeper part of the section cannot safely be assumed to be the same function 
of the mid-depth velocity as in straight reaches. Naturally the percentage of low- 
water excess follows the increased ratio of the volume below a given subsurface 
plane to the whole volume of the river. 

In. order to determine the effect of the catamaran skiffs on the current near the sur- 
face, a series of fourteen runs of sixty seconds each was made at the depth of l|.feet 
at eacb of the points indicated in the following diagram, the results being given in 
the accompanying table : 






H ^ 




M-r=-=r 



jr 



=3^ 
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REGISTRATION. 



A. 


B. 


C. 


D. 


E. 


25.27 
25.25 
25.26 
24 26 
25.26 
26.25 
27.27 


26.25 
27. 25 
25.26 
27.27 
24.25 
26.25 
25.26 


24 25 
23.25 
25.24 
• 24 27 
26.26 
25.26 
27.27 


26.26 
27.27 
29.27 
25.26 
25. 25 
25.24 
25.27 


25.25 
26.26 
27.26 
27.27 
2425 
24.25 
25.25 


Mean = 25. 64 


25.64 


25.29 


26.00 


25.50 



Assuming that the extent of the experiment (14 minutes) would eliminate errors 
arising from fluctuations of the current, the meaus of this table point to a small re- 
tardation between the skiffs forward and an acceleration aft. It is possible that the 
low surface velocity noticed in the vertical curves may be in some degree due to in- 
terference from this source, which would be more marked in approachingt-he surface. 

Ellis meter No. 5 was rated once and No. 7 twice early in August. The rating of 
No. 7 of August 9 was used for all observations made with that instrument ; the rat- 
ing used for No. 5 was that taken at Saint Louis, Mo., November 10, IS61. 

METER RATINGS. 
[y=aa-\-b^ in which y = velocity in feet per second; «=:re£^tration8 per minute. J 



Locality. 




Saint Louis, Mo... 

Bed River Landing 

Do 

Do 



1881. 
Nov. 10 

1882. 
Aug. 8 
Aug. 4 
Aug. 9 





1 

■§ 

o 

1 

1 

18 

12 

9 

12 


1 


Constants. 


Meter. 


i 

1 

& 

1 

1 
1 
1 


Course. 


a. 


b. 

.148 

.002 
.045 
.177 


Ellis No. 5. 

Elli8l{o.5 
Em8No.7. 
Ellis No. 7 


Feet. 
150 

150 
150 
150 


.06245 

.06350 
.06346 
.06216 





Range of 


Authority. 


veloci- 




ties. 


J. E wens.. 


1. 17-9. 49 


.do 


1.45-6.36 


.do 


2. 78-8. 15 


.do 


1. 66-7. 85 



Where 
taken. 



Reservoir. 



Lake. 
Do. 
Do. 



Tracings of the locations of the various sections are appended. 
Very respectfully, your obedient servant, 

First Lieut. Smith S. Leach, 

Corps of Efigineer8f U, S. A.^ 

Secretary Mieeissippi JSiver Commission. 



E. H. Twining. 



VeHoeities in feet per second at exoh tenth of depth as resitlting from the velodtg ohservatUms 

made at Bed Biver Landing, La,, in 1882. 











STATION 1. 














Depth. 


Surface. 


.1 


.2 


.3 


.4 


.6 


.6 


.7 


.8 


.9 


Bottom. 


540 


2.13 


2.75 


2.77 


2.73 


2.68 


2.45 


2.63 


2.00 


2.51 


2.56 


2.10 



STATION 2. 



51 
34 


2.80 
2.40 


3.21 
2.50 


3.21 
2.54 


3.14 
2.52 


3.17 
2.30 


3.05 
2.46 


2.86 
2.25 


3.08 
2.21 


2.96 
2.16 


3.02 
1.88 


42.5 


2.60 


2.86 


2.88 


2.83 


2.74 


2.76 


2.56 


2.64 


2.56 


2.45 



2.30 
L60 



L90 
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Velocities in feet per second at each tenth of depths j-c. — Continued. 

STATION 3. 



Depth. 



80 
81 

Means = 30. 5 



2.52 
2.33 



40.0 



2.42 



4.15 



4.08 



.1 . 


.2 


.3 


.4 


.5 

2.65 
2.87 


.6 


.7 


.8 


.9 


2.71 
2.84 


2.65 
2.96 


2.71 
2.82 


2.77 

2.84 


2.52 
2.90 


2.71 
2.52 


2.46 
2.55 


2.40 
2.64 


2.78 


2.80 


2.76 


2.80 


2.76 


2.71 


2.62 


2.50 


2.52 



Bottom. 



2.00 
2.00 



STATION" 4. 



4.08 



3.90 



3.84 



3.52 



3.52 



3.58 



3.52 



3.21 



2.00 



2.70 



STATION 6. 



38 


2.84 


3.07 


3.04 


2.90 


3.07 


2.84 


2.65 


2.20 


1.96 


1.97 


1.20 


35 


2.77 


3.02 


3.02 


2.96 


2.84 


2.74 


2.46 


2.28 


1.90 


1.52 


1.00 


34 


2.65 


2.75 


2 80 


2.76 


2.70 


2.40 


2.31 


1.94 


1.65 


1.27 


0.60 


84 


2.46 


3.01 


2.92 


2.90 


2.80 


2.71 


2.44 


2.36 


2.01 


1.68 


1.16 


23 


2.54 


2.87 


2.91 


2.94 


2.85 


2.78 


2.76 


2.80 


2.60 


2.51 


2.20 


24 


2.47 


2.88 


2.93 


2.78 


2.88 


2.70 


2.78 


2.78 


2.45 


2.29 


1.90 


25 


2.54 


2.91 


2.91 


2.90 


2.91 


2.80 


2.78 
2.60 


2.52 


2.41 


2.13 


1.85 


Means = 30. 4 


2.61 


2.97 


2.97 


2.89 


2.86 


2.71 


2.41 


2.14 


1.91 


1,41 



STATION 6. 



41.0 



35.0 



3.02 



3.02 



2.96 



2.95 



2.89 



2.65 



2.60 



2.58 



2.20 



2.11 



STATION 7. 



2.84 



2.78 



2.65 



2.62 2.52 



2. 42 I 2. 33 2. 13 I 1. 93 



1.67 



L60 



1.30 



33 
23 

Means = 28. 



48.0 



STATION 8. 



2.02 
1.92 



1.97 



STATION 9. 



2.21 
2.18 


2.29 
2.30 


2.21 
2.22 


2.15 
2.23 


2.08 
2.16 


1.83 
2.13 


1.90 
2.04 


1.60 
1.98 


1.46 
1.94 


2.20 


2.30 


2.22 


2.19 


2.12 


1.98 


1.97 


1.79 


1.70 




3. 15 3. 14 I 3. 02 

; i 



1.28 
1.75 



1.52 




2.27 



50 



3.02 



STATION 11. 



2.77 


2.51 


2.51 


2.58 


2.65 


2.25 


2.13 


2.01 


1.51 



STATION 12. 



1.39 



59 



3.20 



3.67 



3.77 



3.67 



3.61 3.54 



3.45 



3.31 



3.21 



2.77 



2.58 



STATION 13. 



55 


3.60 


4.14 


3.96 


3.98 


3.90 


3.94 


3.90 


3.86 


3.84 


3.46 


2.75 


57 


3.60 


3.90 


3.83 


3.77 


3.66 


3.58 


3.54 


3.43 


3.10 


2.73 


2.00 


24 


2.29 


2.60 


2.66 


2.66 


2.63 


2.58 


2.47 


2.44 


2.28 


2.29 


1.70 


23 


2.07 


2.63 


2.57 


2.47 


2.72 


2.56 


2.51 


2.40 


2.50 


2.26 


1.90 


22 


2.72 


2.73 


2.76 


2.68 


2.62 


2.59 


2.41 


2.49 


2.34 


2.40 


2.00 


Means = 36. 2 


2.86 


3.20 


3.16 


3.11 


3.11 


3.05 


2.97 


2.92 


2.81 


2.63 


2.07 
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Velociiiea in feet per second at each tenth of depth , ^c. — Continued. 

STATION 14. 



Depth. 


Surface. 


.1 


.2 


.3 


.4 


.5 


.6 


.7 


.8 


.9 


Bottom. 


44 


3.71 


4.06 


4.05 


4.02 


3.93 


3.83 


3.83 


3.53 


3.46 


3.35 


3.15 


34 


2.89 


3.30 


3.14 


3.14 


3.27 


3.14 


3.00 


2.80 


2.82 


2.10 


2.00 


28 


2.84 


2.75 


2.71 


2.72 


2.59 


2.55 


2.40 


2.05 


2.02 


1.81 


1.20 


16 


1.52 


1.65 


1.65 


1.61 


1.59 


1.58 


1.52 


1.50 


1.46 


1.02 


0.00 


16 


1.61 


1.85 


1.84 


1.74 


1.80 


1.79 


1.60 


1.66 


1.50 


1.48 


1.10 


17 


1.86 


1.94 


1.88 


1.73 


1.87 


1.74 


1.61 


1.60 


1.48 


1.31 


1.00 


17 


2.13 


2.12 


2.08 


2.04 


2.00 


1.92 


1.79 


1.73 


1.70 


1.66 


1.30 


Means = 24. 6 


8.37 


2.52 


2.48 


2.43 


2.43 


2.36 


2.25 


2.12 


2.06 


1.82 


1.52 



MEANS OF ALL OBSERVATIONS. 



2.65 



2.88 



2.87 



2.81 



2.80 



2.70 



2.59 



2.50 



2.35 



2.15 



L74 



ATCHAFALAYA SECTION.-STATION 5. 





20 
19 
21 


2.33 
2.68 
2.33 


2.65 
2.79 
2.65 


2.65 
2.67 
2.59 


2.71 
2.60 
2.66 


2.65 
2.58 
2.55 


2.71 
2.57 
2.50 


2.71 
2.50 
2.53 


2.65 
2.25 
2.40 


2.46 
2.20 
2.21 


1.90 
L85 
2.05 


1.50 
L50 
1.60 


Met 


us = 20. 


2.45 


2.70 


2.64 


2.66 


2.59 


2.59 


2.58 


2.43 


2.29 


1.03 


1.58 



AREAS nsr BRUNETTE BEND. 



Date. 



1882. 

May 80 

Jnne27 

July 25 

Angnst 9 

September 29 

October 31 



Gauge. 



Feet. 
61.6 
61.9 
60.4 
53.2 
36.0 
32.0 



Width. 



Feet. 

2,728 

2,751 

2,704 

2,553 

2,407 

2,354 



Area. 



Sq. feet. 
230, 918 
226, 640 
220,980 
202, 370 
147, 738 



4- Scoar. 
-Fill. 



8q. feet. 



— 4,552 

— 2,115 
+ 315 

— 11, 976 



Datum 
area. 



8q. feet. 
230, 918 
226, 366 
224, 251 
224,566 
212,590 



Means of velocities at each tenth of depth obtained from all the ohservaiions at the discharge 
sections in 1882| with number of observations and depth of mean velocity below the surface 
in parts of the whole depth. 



Section. 



Padacah 

Colnmbns 

Helena 

Hays' Landing 

Red River Landing 



1^ 



211 
101 

90 
620 

32 



o 

« 



0.63 
0.71 
0.61 
0.60 
a 61 



s 

I 

CO 



2.340 
2.665 
5.157 
3.466 
2.650 



12.840 
3.077 
5.145 
3.475 
2.880 



.2 



2.320 
3.178 
5.042 
3.458 
2.870 



.3 



2.290 
3.205 
4.916 
3.439 
2.810 



2.250 
8.227 
4 812 
3.405 
2.800 



.5 



2.220 
8.204 
4.709 
3.332 
2.700 



.6 



2.170 
3.126 
4.493 
8.249 
2.590 



2.070 
2.988 
4.288 
3.161 
2.600 



.8 



1.970 
2.818 
3.982 
3.034 
2.850 



.9 



L840 
2.519 
3.677 
2.890 
2.160 



I 



1.650 
2.136 
2.909 
♦2.750 
L740 



* Interpolated. 
MEAN OF ALL SECTIONS. 



Depth of 
mean. 


Surface. 


.1 


.2 


.3 


.4 


.6 


.6 


.7 


.8 


.9 


Bottom. 


0.63 


3.256 


3.383 


3.373 


3.332 


3.299 


3.233 


3.126 


3.001 


2.831 


2.595 


2.235 



MEAN, EXCLUDING PADUCAH. 



0.63 



3.484 



3.641 



3.637 



8.692 



3.561 



3.486 



3.364 



3.234 



8.046 



2.784 



2.406 
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Appendix E. 

KBPORT OF CAPTAIN J. H. WILLARD, CORPS OF ENOINEKRS, SECRETARY OF COK- 

8TRUCTIOX COMMITTEE. 

(The Miuissippi River Commission, office of the Committee on Constraction. 2053 Olive street, Saint 

Louis, Mo.] 

Saint Louis, Mo., October 20, 1884. 

Sir: In compliance with inatructions from the president of the Commission, I have 
the honor to report the work of this office from November 1, 1883, the date of the last 
report, to September 30, 1884. 

Captain Sears continaed in char^^e until April 11, 1884, when he was transferred to 
the charge of the third district. By a resolution of the Commission November 20, 
1883, his designation was changed from executive officer to secretary of the commit- 
tee on construction ; and in addition to the duties of that office he was made assist- 
ant to the committee as constructing officer for plant, and was charged with the pur- 
chase of such material and supplies as district officers could not conveniently obtain 
for themselves, and with the consolidation and publication of ii outhly reports. 

The floating and other public property for which he was responsible, not required 
for the general service, and the public funds held by him for purchases on account of 
the works of improvement were transferred to the district officers, and the responsi- 
bility was laid upon them for obtaining all supplies and material necessary for the 
proper conduct of their works, either by direct purqhase or through the purchasing 
officer by timely requisition, as they mi^ht find most advantageous and convenient. 

When called upon for such service, this office fills requisitions by methods suited to 
the exigencies oi the case and delivers the supplies in the most expeditious way, due 
regard being paid to economy of time and money. The accounts when audited are 
transmitted with certified bills and bills of lading, with or without the department 
vouchers, as may be desired, and the district officer checks the invoices and makes the 
payments. This method appears to give general satisfaction and is well adapted to 
the Hystem of conducting the work. The accounts s^e simplified, and disbursing 
officers, having accurate knowledge at all times of the actual state of their allotments, 
can gauge their operations with greater freedom and economy. 

As district officers are expected to and generally do supply themselves with stores 
and material for the works under their charge, purchases made through this office are 
nsnally on small orders or for supplies that the exigencies of the work require beyond 
what may be fairly estimated, or for which the diHtrict officers cannot provide storage. 

The so-called contract system finds its limitations here, and if insisted upon will 
seriously impede the work of improvement and add largely to its cost. 

Requisitions are filled by inviting proposals by circular letters when time will per- 
mit, by purchase in open market or by bargaining with the same care for the interests 
of the Govemiueut that a good business man adopts for the protection of his own. 
These methods are generally required by the exigencies of the service and are sanc- 
tioned by law. 

The districts above Cairo were included in the general work under the Commission 
by the act approved July .5, 1884. Being more happily situated with respect to cli- 
mate and obtainiug with little difficulty labor, supplies, and stone for works con- 
ducted on a smaller scale than in the lower river, they do not require the assistance 
of this office and need not be considered in estimating for the general service. 

The chief business of this office is now the management of the general service, 
consisting of steam tow-boats and barges, and the delivery of stone, wire, coal, and 
general supplies to the districts below Cairo. 

Owing to the changes in the organization of the office which I have mentioned, . 
separate statements are given of the expenditures under Captain Sears, as executive 
officer from November 1, 1883, to February 29, 1884, when the transfers were com- 
pleted, and as secretary and assistant from March 1 to April 11, 1884, the date of his 
relief, and from April 12 to September 30, 1884, the period during which I have had 
charge. Under the present arrangement, the expenses of the general service are 
finally charged to the first, second, and third districts ; those for plant, outfit, and 
repairs being divided equally, and the remainder, embracing administration, inspec- 
tion, and running expenses of the steamboats, in proportion to the service rendered 
as computed from the mileage. 

After the transfer of public property to the several districts, there were left for the 

feneral service, the inspection and tow-boat Mississippi, the tow-boat Minnetonka, 
ought April 10, 1884, after a thorough trial of three months under charter, fifty-six 
stone-barges, one store-boat, constructed out of an old hull, and one pumping-boat, 
the last two being kept at the coal-fleet at Cairo. 

The plant has been kept in a high state of efficiency by prompt and liberal expend- 
itures. The steamboats are in first-rate order, and are worth almost as much to the 
service as when first received. 
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The stone-barges are in fair condition, and are worth their cost to the Govemment ; 
but from the nature of the service in which they are engaged, they wonld. probably 
not fetch one-third of their first cost. 

They have had hard usage in loading, in handling in rough water, and in long and 
unavoidable detentions at the works, both loaded and light. Constant attention has 
been required to keep them repaired, well calked, and seaworthy ; and in addition 
to repairs made at docks and shi p-yards, two men have been kept fully occupied at 
the fleet at Cairo, calking and repairing above light- water. 

The plant at my disposal being inadequate to the needs of the districts, I made 
application for a lar^e and powerful tow-boat for use on the Mississippi River for long 
trips, and for a small boat for service between the quarries and the fleet at Cairo. 
An urgent request was also made for increasing the number of stone-barges. The 
estimates received the approval of the Commission at its session, July 22, 1884, but 
owing to the con paratively small amount then available, the construction of the 
tow-boats was postponed ; the increase of the barge-fleet was approved, however, and 
it was resolved to build thirty model barges at a cost not exceeding $150,000. Appli- 
cation was made to the Secretary of War for authority to buy or build under the 
resolution, and was approved August 16, 1884. 

The appropriation lor the Mi^ouri River having become nearly exhausted early in 
the season, the plant required for that work was laid up at Bushberg. While on an 
inspection tiip down the river, it occurred to me that it would be to the advantage 
of the Government to use the Missouri River stone-barges during the summer on the 
Mississippi improvement. After consultation with Major Suter, the ofiicer of en- 
gineers in charg**, authority was asked and obtained for temporary transfer of thirty 
barges to the general service, with permission to expend $2,400 in repairs. 

By the wording of the act approved July 5, 1884, the Missouri River Commission 
cannot expend the new appropriation fur that river until the plans shall have been 
approved by Congress, so that these barges are still at the disposal of the general 
service, and can be retained till navigation closes, or until called for, when they will 
be returned to the fleet at Bushberg, or will be cared for by the general service, as 
may be most convenient. 

About $1,200 have been expended on them, and as they have been kept more than 
twice as long as was contemplated the amouut for returning them in good order 
shonld be increased to $6,000. 

The cost of chartering fifteen model barges equivalent in capacity to those bor- 
rowed would not have been less than $16,200 for the time they have been employed 
for the general service. 

During the summer I luspected a great number of model barges, bad liuesand 
dimensions taken from those most approved, and collected specifications from well- 
known builders. After a study of the best models, I prepared specifications and had 
plans drawn which I submitted to experienced ship-builders for suggestions and im- 
provement. 

As the construction of new tow-boats was postponed, and the general service had 
the use of Missouri River barges, the necessity for the new barges was not so press- 
ing; and as the amount of money required for the new barges was so great, and the 
necessity of having boats that will last for many years so plain, I thought it wise to 
delay construction until plans and specifications could be perfected. The drawings 
are now beiuf; revised on complete specifications, and it is thought that barges built 
according to the new designs will be the best wooden barges afloat in these waters. 
Under the circumstances, the delay in constructing them has been to the advantage 
of the Goverument ; for had they been put in hand as soon as possible after authority 
was obtained, the greater number would have been finished only in time to cause ex- 
pense for care during the winter. Time has also been given for comparing plans, 
and they can now be built without haste in season for work next spring. 

The amount already allotted for their construction is considered ample. 

The life of a wooden boat on the Mississippi is variously estimated at from six to 
nine yeai*8, the chief enemy being dry-rot. If an entirely new plant were to be con- 
structed, 1 should recommend either iron or composite hulls as being the most eco- 
nomical in the long run. 

But tiie amouut already invested in plant, necessarily built in haste, because the 
work of improvement was imperatively demanded, is now so great that I do not feel 
justified iu recommending those forms of construction except for steamboats. Should 
Congress, however, decide to set apart a large sum to be applied in allotments for a 
term of years for the improvement of the Mississippi, I think that there can be no 
question but that new plant should be constructed of iron, either wholly or in part, 
according to the service required. 

I must now renew my earnest request for the two tow-boats, hulls to be of iron or 
composite construction. 

Preliminary estimates have been made for them, and drawings projected ; but con- 
struction should not be undertaken until plans and detailed estimates have been 
prepared. 
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For long trips, especially, a mnch more powerful boat than the Mississippi is required ; 
indeed, I recommend a larger boat than the Minnetouka ; and, in making the prelim- 
inary estimate, I have taken her for a model, adding $12,000 for the increase in size 
and construction of hull, and $8,000 for larger builers and heavier machinery. 

The towing service is attended with great riskf, and as the Grovemment does not 
insure, the dauger should be reduced to a minimum by using boats with surplus power. 
The boats now in service can take down stream from twelve to eighteen loaded barges ; 
but they cannot tow economically more than from eight to twelve empty barges up 
stream against a strong current without carrying more steam than allowed on their 
inspection papers. 

One of the obstacles to the delivery of stone has been the difficulty experienced la 
supplying quarries with empty barges. By the use of a small boat of good power 
and light draft, about the size of the Missouri River Commission tow-boat Stone, to 
collect loaded barges at the fleet and to distribute empty barges to the quarries on 
both rivers, at least four days could be saved on nearly every trip of the large boats, 
and the service to the districts considerably increased and made mnch more regular. 

The small boat could also take a fair sized tow of eight or ten loaded barges to the 
first district, and even to the second in an emergency,. and could bring back five or 
six empty barges against an average current. 

If built of iron, the large boat would cost about $60,000, and the small boat not 
much less than $:{0,000 ; the prices would be about 10 per cent, less, if built with com- 
posite hulls, and about 20 per cent, less if built with strong wooden hulls. On com- 
pletion of the tow-boats, the Mississippi should be laid off as a spare boat for tours of 
inspection, temporary increase of the service, or to take the place of any of the others 
in case of accident, the crews being simply transferred. The costly and most unsatis- 
factory method of chartering would thus almost entirely be obviated. The Missis- 
sippi is naturally selected for reserve ; she has not sufficient power to handle large 
tows in a strong current^ not having been built solely for towing ; and having an iron 
hull, she would not deteriorate while laid up. 

In regard to the construction of new plant, I believe it would be to the best inter- 
ests of the Government to follow the methods of business men and place the work on 
bids solicited only from builders of established reputation. 

It is not only a question of construction, but of material. Wooden hull's should be 
entirely of the best oak, except decks and bulkheads ; and as fi^t class ship-timber 
has become ver^ scarce, I think it safe to say that there are not more than half a 
dozen builders in the West who use or can control any considerable amount of the 
best upland oak. In a general competition, the lowest bidders are almost always 
parties with little capital, who have no facilities for building on a large scale, and 
who use the short-lived oak of lowland growth, which rots in two or three years. If 
iron or composite construction is adopted, the choice would be limited naturally to 
the few builders engaged in that kind of work. 

With new tow-boats, new barges, and plant now on hand in good order, at least 
20,000 cubic yards a month could be furnished regularly to the three districts below 
Cairo during active operations, large reserves being unloaded on the bank during 
spring high water. 

The amount of stone furnished by the general service during the past year has been 
greater than in any year since the work was undertaken, but it has fallen short of 
requisitions from the districts, and the officers in charge have been somewhat embar- 
rassed in their operations by uncertain and irregular delivery. That the progress of 
their work was not seriously delayed, was due m part to the fact that stone was de- 
livered on the bank on early requisitions, but chiefly to long-continued high water, 
which prevented active operations till the season was well advanced. 

Stone can be bought cheap only from quarries at least 50 miles above Cairo on the 
Mississippi or Ohio ; if obtained from other sources, it must be transported to the 
river by rail at great expense for freight and handling. 

All the stone furnished by the general service this season was bought in open mar- 
ket from a number of quarries on both rivers above Cairo, the greater part having 
been taken from the Southern Illinois Penitentiary at Chester. 

It was of good quality and weight, and cost from 50 to 60 cents the oubie yard 
loaded on barges at the quarries, the price depending on the kind of stone furnished 
and the distance of the quarries from the river bank. 

I have dealt generally directly with parties owning or controlling quarries, and the 
terms have been most favorable to the Government, hardly furnishing more than a 
bare living to the men who undertook the work. 

In conducting the works of protection and improvement, it is of vital importance 
that the supply of stone shall be ample and sure, not only for securing work as it pro- 
gresses, but for the economic organization of labor. The distances to which it must 
be transported vary from 200 to 1,"^00 miles, and the districts under improvement are 
of great extent, so that no work of bank protection, mattress construction, or dike- 
building can be undertaken with safety without a full supply of stone at hand, or the 
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cerfcaiuty of its arriving within a given time. To insure this, the delivery of stone 
should be under the control of the general service provided with an adequate plant, 
and this work is quite enough to demand all the time and attenti<^ of one man, and 
fihonld not be laid as an additional burden upon the district officers. The method of 
^* open purchase'' is the best and most economical for the Government at the present 
time, in my opinion, and I am positive that any attempt to contract for supply and 
delivery of stone to the works would result in disaster. 

In reporting the amount of stone furnished by the general service, no account is 
taken of that delivered by rail at Arkansas City. Captain Sears made arrangements 
for that supply last season, and continued to draw from the same source after he had 
taken charge of the third district; about 6,000 cubic yards were on hand November 1, 
1883, and 13,000 cubic yards were under contract for delivery. 

The amount of stone delivered by the general service from November 1 to December 
2C, 1883, was 20.845 cubic yards; and from April 1 to September 30, 1884, was 75,364 
cubic yards. The amount actually received from the quarries this season was 83,542 
cubic yards, the average monthly output being almost 14,000 cubic yards. The aver- 
age monthly delivery to the districts for the same period was 12,560 cubic yards. The 
average cost of delivery to the first, second, and third districts, including all expenses 
for steamboats, repairs, and charter, was very nearly 90 cents the cubic yard, making 
the average cost the cubic yard, delivered, $1.40 for sandstone, and $1.50 for limestone. 

The cost of delivering stone to the fourth district for New Orleans Harbor, was not 
apportioned as for the other districts. The service was. undertaken, somewhat to 
their disadvantage, to supply a pressing need. Special barges were chartered, and 
part of the running expenses of the boats was charged to that work for the extra time 
required, payment being made by the district officer. 

The work of the year was by no means accomplished by the two general service 
tow-boats. The Miuuetonka broke her shaft February 17, while taking a tow of empty 
barges np to the Mississippi quarries, aod the Jack Frost was chartered- for eight days 
to distribute the tow and bring her to Saint Louis for repairs. As the Minnetonka 
was under charter for trial at the time, the cost of repairs was borne by the owners. 
The Etheridge was utilized between Cairo and the quarries early in April, and was 
given a tow for the first and third districts on her way to the latter. Having met 
with an accident in May, she was sent to Saint Louis for repairs, and was used in 
the same manner on the return trip. While the Mississippi was engaged on a tour of 
inspection with the Commission, in May, the Minnetonka broke down, and the Jack 
Frost was chartered May 12 for eight days, and kept in service till June 6. 

The Pearl, chartered in May for the first district, was taken for the general service 
in August for duty between Cairo and the quarries in low water. She will be kept 
at work till navigation closes, taking occasional tows to the fii-st district, and may be 
retained in attendance on the fleet during the winter, being handier and more eco- 
nomical as a helper than either of the lar^e boats. 

The barge fleet also was increased at difl'erent times for special service. Between 
November 1, 1883, and February 29, 1884, twenty-one model barges were chartered 
and remained in service an average time of about eighty-two days each. 

Six model barges were chartered in May for temporary use in carrying stone to the 
third district. In July, August, and September, sixteen model barges were chartered 
for special service in carrying stone to the fourth district for the improvement of New 
Orleans Harbor. Requisition was made in July for charter of ten model barges for 
use in the first distrfct with the condition imposed that they should be without hog- 
chains. Very few good barges with clear decks were to be had, the market having 
been nearly exhausted to fill previous requisitions. Seven were obtained in July and 
August, and delivered loaded with stone. 

Bids were invited in July for the construction of fifteen model barges, 170 by 38 by 
6 feet, for the first district, but the prices ranged so much above the estimate, one bid 
being over $10,000, that it was not thought best to accept any. The subject was re- 
ferred to the Commission which was then in session, and construction on the plans 
offered was not decided upon. Plans and specifications were prepared in this office in . 
July for a special stern- wheel boat for use on Red River. The boat was finished and 
accepted in September and taken to Cairo, whence it will be sent with the next tow 
to the thiisd district, and will steam from Wilson's Point to its destination. 

Besides towing loaded and empty stone barges, the general service steamboats havo 
taken from the several districts to the most convenient ship-yards and repair-shops, 
such of their plant as required overhauling, returning -the same on the earliest trip 
after being put in order. 

They have also distributed fuel purchased for the districts, and have been utilized 
as much as possible in carrying or towing supplies and stores bought on requisitions 
for them, at a considerable saving for transportation. 

If the demands for such service were more regular, or for stated periods, prompt 
delivery could be arranged and a great reduction effected in the item of freights^ 

H. Ex. 64 13» 
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indeed, the proposed increase of the general service plant would enable me to deliver 
all supplies purchased for the districts. 

The business hn^ been conducted without serious accideut or damage to the plant 
in tow, and, fortunately, without loss of life or injury to any of the crew. Minor ac- 
cidents to the steamboats and Jinnoying detentions have occurred, which interfered 
considerably with the delivery of stone and the return of empty barges. Barge 179, 
loaded with stone, was sunk at Grand Tower in May while waiting for a tow, and 
though several attempts have been made to raise it, they have been frustrated by 
sudden and unexpected rises of the river. The loss is not yet reported total, as 
another effort will be made, but if that fails it will be uselesb to try again. 

On the night of May 22, barge 98, loaded with 14,600 bushels of coat, bought for the 
third district, was broken up and lost. The accident was due to a sudden squall 
duriug a storm, and was unavoidable. Oq the afternoon of June 3, boat 461, loaded 
with 24,379 bushels of coal, on the way to the third district, was sunk in Bullerton 
Chate by colliding with a barge loaded with stone. The wreck was buoyed, and as 
it lay out of the channel it was hoped that a portion of the cargo might be saved in 
low water, but the loss is total. Investigation satisfied me that the accident was 
unavoidable. June 17 a chartered model barge, loaded with stone, broke up and 
Bank at Pilchers Point. The cause of the accident has not been reported to this 
office. 

As the tow-boats Iiave been kept running night and day with double crews, their 
boilers and furnaces have required considerable repairs. The Mississippi has given 
special trouble and expense for new fire-sheets, but the difficulty has been remedied 
by substituting a vertical heater and purifier for the pan heater, and t-aking out the 
center top fiue from each boiler, there having been five ten-inch flues in each. 

The Minnetonka has shown signs of weakness in the cylinder-timbers, and may 
have to be hauled out at the close of the season to be strengthened. I recommend 
reducing the weight of the upper works and the area of wind-resistance by transfer- 
ing the galley, pantries, aud deck-rooms to the space now taken up with spare cabins 
and staterooms, and increasing the strength of the hull by extra stanchions and 
bulkheads. Should new cylinder- timbers be required, I am inclined to recommend 
iron. 

Without taking into account the care and handling of barges at the fleet or on the 
reaches, the general service tow-boats have moved between quarries and the districts 
during the navigable season covered by this report, 1,360 pieces, equivalent to towing 
one piece 318,43(3 miles, at a cost, including all expenses for steamboat service and 
repairs, of very nearly 25 cents the mile. In addition to towing service, the Mississippi 
has made about 2,400 miles on inspection duty with the Commission. 

The question of providing fuel for general service and the districts is a very serious 
one, and I am not yet prepared to express a decided opinion upon it. 

Captain Sears bought a large amount of Pittsburgh coal early in the season, deliv- 
ered in boats and barges to the fleet at Cairo, on very reasonable terms. Pittsburgh 
coal is probably the best for steamboat use, but I doubt whether it is so much superior 
to the best Illinois coal as to balance the risks and expenses attendant upon its care 
at the fleet. As it comes down in large tows only when the Ohio is high, it must be 
bought in large quantities if we wish to get it cheap ; and if it is essential that we 
should use Pittsburgh coal, it will be better to contract for delivery to the districts, 
or, if more economical to receive it in one lot at the fleet, to deliver it by the general 
service tow-boats as soon as possible after its arrival at Cairo. Nearly 40,000 bushels 
have been lost this season, and I find that there has I'cen a considerable loss every 
year. I believe that an amount, equivalent to that lost and incurred for care at the 
fleet, could be turned to good account in the purchase of a few coal barges for supply- 
ing the districts with the best Illinois coal at a considerable saving in annual expense. 
At the average price paid for Pittsburgh coal this jear, the estimate for supplying 
general service tow-boats for next season amounts to $61,600. I am almost positive 
that I could buy the necessary fuel of good qualiry, and build one coal barge for the 
general service, and six for the district^ with this amount. 

A good deal of annoyance has been experienced in the management of the floating 
property, from the loss of barge-pumps, and careful study has been given to remedy 
the difficulty. A design for a fixed bilge-pump has been made, and patterns are 
now in hand from which a few will be cast for experiment. It is proposed to put 
them below decks, or to box them in, and t(» have the handles secured by chains. 
For pumping barges that are leaking badly while in tow the sti-am-siphon is certainly 
very effective ; but the waste of steam is immense, even when only one is used, and 
the necessity for applying it might arise in a dangerous part of the river, when the 
full power of the engines would be needed. 

The difficulty of carrying a large siphon over barges loaded with stone, and of 
making connections to boilers with fixed lengths of pipe, should.be seen to be appre- 
ciated. 
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It takes considerable time to prepare the apparatus for work, and if the joints give 
oat after it has been running for any length of time, it is no easy matter to couple 
them while the pipes are hot. As an improvement on this cumbrous method of 
pumping I devised a plan, the basis of which was to be a powerful pump in the waist 
of each tow-boat, which I submitted to Major Suter, of the committee. Happily he 
had been working on the same lines, and had used water pressure for steam with 
good results. The design has been modified on his suggestions by substituting a force 
for a suction pump, and permanently fixing small water-jet siphons in the barges 
alongside each hand-pump. Strong rubber hose of small diameter, with snap coup- 
lings, and in lengths convenient for a man to carry, will be used for connections, the 
pump having as many branches on the discharge-pipe as may be required. In cold 
weather low steam can be sent through from the donkey boiler to start the jet, if 
necessary. I feel coufident that the plan outlined above will solve the problem, but 
I shall try it in a small way with appliances now on hand before undertaking it on a 
large scale. 

Five thousand dollars will be ample for the complete outfit of pumps for four tow- 
boats, two fixed siphons in each barge, spare siphons, and a full supply of hose, 

In concluding my report, I think it proper to say that the management of the gen- 
eral service was made easy for me by the admirable organization of the business 
under Captain Sears, by the forbearance of the district officers, all of whom are my 
seniors in rank, and by the hearty co-operation of my office force. The officers of the 
boats and the overseers and inspectors are excellent men, and have been faithful and 
efficient in the performance of their duties under all circumstances. 

I present herewith a directory of the Commission, with its officers and the districts 
under improvement in their order, statements under appropriate headings showing 
the financial and working operations of this office for the year, estimates for the gen- 
eral service for 1885, and the general financial statement of the appropriations for 
** improving Mississippi River'' from July 1, 1882, to September 30, 1884. 



THE MISSISSIPPI RIVER COMMISSION. 

Col. and Bvt. Maj. Gen. QuixcY A. Gillmore, Corps of Engineers, President, 33 West 
Houston street, New York. 

Lieut. Col. and Bvt. Brig. Gen. Cyrus B. Comstogk, Corps of Engineers, 33 West Hous- 
ton street, New York. 

Maj. Charles R. Suter, Corps of Engineers, 1415 Washington avenue. Saint Louis. 

Henry Mitchell, civil engineer, United States Coast and Geodetic Survey, 9 Pem- 
berton Square, Boston. 

B. M. Harrod, civil engineer, Cotton Exchange building, New Orleans. 

Hon. BoBERT S. Taylor, P. O. box 1648, Fort Wayne, Ind. 

8. W. Fergusox, civil engineer, Greenville, Miss. 

First Lieut. Smith S. Leach, Corperof Engineers, secretary, 2828 Washington ayenue. 
Saint Louis. 

THE COMMITTEE ON CONSTRUCTION. 

Messrs. Gillmore, Comstock, Suter, and Harrod. 

Capt. Joseph H. Willa'rd, Corps of Engineers, secretary and assistant, 2653 Oliva 
street. Saint Louis. 

officers of engineers in charge of districts. 

DeM Moines Bapida to Illinois BivcTf 165 miles, 
Capt. Ernest H. Ruffner, Quincy, III. 

Illinois Eiver to Ohio River, 245 mites, 
Maj. Oswald H. Ernst, custom-house, Saint Louis. 

First district, Ohio River to foot of Island No, 40 {Plum Point Reach), 220 miles, 
rSajDt. John G. D. Knight, custom-house, Cairo, 111., and Elmot, Ark. 
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Second district, foot of Island No, 40 to White Miver (Memphis Beach), 180 miles. 
Capt. CuNTON B. Sears, Bethell Block, Memphis, Tenn. 

Third district, White Biver to Warrenton, Miss, (Lake Providence Beach), 220 miles. 
Captain Sears, Memphis, TenD., and Wilson's Point, La. 

Fourth district, Warrenton to Head of Passes, 484 miles, 
Maj. Amos Stickney, 3 South Rampart street. New Orleans. 

General service estimates for 1885. 



One large tow-boat, iron hull . 
Odo small tow-boat, iron hall 



Crenctal repairs to plant 

Extraordinary repairs to plant 



Running expenses : 

Steamer Mississippi, 5 months, at $3,600 . . 
Steamer Minnetonka, 10 months, atf3,800 
New large tow-boat, 8 months, at $3, 800 . . 
New small tow-buat, 8 months, at $2,600 .. 



Fuel for general service steamboats : 

Mississippi, 150 days, at 600 bushels a day, 90,000 bnshels. 
MinnetonKa, 300 days, at 800 bushels a day, 240,000 bnshels. 
New large, 240 days, at 800 bushels a day, 192,000 bushels. 
New small, 240 days, at 400 bushels a day, 96,000 bushels. 



618,000 bushels, at 9 cents ... 
Cost of loading, 1 cent per bushel . 

Office salaries, rent, and contingencies. 

Care of fleet and property 

Administration and inspection 



618,000 



Total 



$60,000 00 
30,000 00 



12, 000 00 
8,000 00 



$90, 000 00 



20,000 00 



18, 000 00 
38,000 00 
30,400 00 
20, 800 00 



55^620 00 
6,180 00 



12, 000 00 
4, 500 00 
4,600 00 



$110, 000 90 



107, 200 CO 



61,80<V0O 



21,000 0$ 



300, 000 00 



Estimated value of the general service plant, September 30, 1884. 



Iron tow-boat Mississippi 

Wooden tow-boat Minnetonka 

56 stone barges 

1 pnraping boat 

1 store boat - 



160,000 

37, 750 

84,000 

1,300 

95i 



Total 184,000 

Statement of purchases made on requisition from districts. 



First district : 

Sabsistence and general supplies, value about $34,000. 

1,240,000 pounds of galvanized steel wire. 

104,392 bushels of Pittsburgh coal. 
Second district : 

41,879 bushels of Pittsburgh coal. 
Third district : 

121,262 bushels of Pittsburgh coal. 

210,000 pounds of galvanized steel wire. 

Subsistence and general supplies, value about $22,000. 
Fourth district : 

Steam launch, $3,500. 
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Movement of stone. 



Beoeived from Mississippi quarries: 

November 1 to December 26, 1883 oabio yards. 

AprUl to September 30, 1884 do... 

Beoeived from Ohio qnarries : 

November 1 to December 26, 1883 do... 

Aprill to September 30, 1884 do... 



Delivered to llrst district : 

November 1 to Decem ber 26, 1883 do 

Aprill to September 30, 1884 do.... 

Delivered to second district : ^ 

November 1 to December 26, 1883 do 

April 1 to September 30, 1884 do..., 

Delivered to third district: 

November 1 to December 26, 1883 do 

April 1 to September 30, 1884 do..., 

Delivered to fourth district : In September, 1884 do - . 



On the way to fourth district, September 30, 1884 do. 

Collected at the fleet at Cairo, September 30, 1884 do. 



Total amount furnished, delivered, and on the way, November 1, 1883, 
to September 30, 1884 



10,864 
59,565 



9,981 
23,977 



15, 415 
37,368 



1,034 
16, 974 



4,396 
18, 661 



70, 429 



33,958 



52,783 



18, 008 



23,057 
2,361 



4, 392 
3,786 



104, 387 



96,209 

8,178 
104, 387 



£!xpenditnre8 by Capt. Clinton B. SearSj executive officer consirucHon department, Atismsippi 
Miver Commission, from November 1, 1883, to February 29, 1884, on account appropria- 
tion for improving Mississippi Eiver, from allotments to the various reaches. 



Character of expenditure. 



Administration and inspection 

Care of public property 

Fuel 

Office outfit 

Material and supplies 

Labor 

Plant and outfit 

Bepairs to plant 

Subsistence 

Transportation 

G-eneral service 



Total 



New 
Madrid 
Beach. 



$1, 231 06 



1, 231 06 



Plum Point 
Beach. 



$722 82 

210 59 

3, 793 24 



23,319 11 



280 31 

3, 640 76 

3,268 87 

10, 034 32 

19, 095 13 



63,365 15 



Memphis 
Beach. 



$240 82 
114 97 



31 03 
1, 374 73 



82 46 
2, 776 36 



4, 620 37 



Lake Prov- 
idence. 
Beach. 



$515 52 

154 04 

2, 256 40 

7 50 

28,107 19 

5, 878 30 

296 11 

1, 630 41 

2, 852 14 

11. 116 76 

18,711 41 



71, 525 78 



Improv- 
ing har- 
bor at 
New Or- 
leans. 



$14 00 



3, 279 75 
10 62 
42 50 



256 99 



3, 603 86 



Total. 



$1,479 16 

493 60 

6, 049 64 

7 50 

54, 706 05 

5,888 92 

649 95 

6,645 90 

% 121 01 

21,490 63 

41,813 96 



144, 346 22 



Expenditures by Capt, Clinton B, Sears, secretary committee on construction, Mississippi 
Biver Commissionj on account appropriation for improving Mississippi Biver, from 
allotment for general sernice, from March 1, to April 11, 1884. 

Oflfice expeDses $819 r6 

Care of public property 645 03 

Expenses steamer Mississippi 2,605 55 

Expenses steamer Minnetouka .*41,025 50 

Expenses steamer Etheridge 5,53*^ ^5 

Expenses steamer Jack Frost lt^25 

Towage and transportation ^2 50" 

Administration and inspection 5S8 67 

Total 51,268 91 



* Includes $40,000 purchase money. 
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Expenditures hy Capt «7. JET. WiUardf secretary committee on construction, Mississippi River 
Commission J on account appropriation for improving Mississippi River., from allotment 
for general service, from April 12 to September 30, 1884. 

Oflice expenses $4,789 53 

Fuel 20,224 07 

Coal fleet and care of public property 2,225 75 

Steamer Mississippi 14, 161 47 

Steamer Minnetouka 14,546 35 

Steamer Etheridge 1,193 39 

Steamer Jack Frost 1,799 31 

Steamer Pearl 2,858 40 

Towage and transportation 1, 565 68 

Administration and inspection 1,906 58 

Miscellaneous 3, 836 25 

Total 69,106 78 

Classified summary of expenditures on account appropriation for improving Mississippi 
River, general service, from November 1, 18&, to September 30, 1884. 

Services $50,401 62 

Plant and outfit 41,106 98 

Fuel 31,856 01 

Repairs to plant 13, 001 06 

Transportation and charter 9, 560 63 

Subsistence 8,753 00 

Supplies and material 4,495 25 

Mileage and traveling expenses 1,120 56 

Rent and repairs - 770 liS 

Telegrams 333 09 

Stationery : .^ 205 94 

Care of public property * 184 80 

Fuel for Capt. C. B. Sears *121 65 

Fuel and gas (office) 117 49 

Water and ice (office) 83 05 

Office furniture and outfit 78 17 

Total 162,189 65 

Expenditures under general service for plant and permanent outfit, apportioned equally be- 
tween the first, second, and third districts, and operating expenses divided according to mile- 
age service performed. 

For New Madrid Reacli $1,231 06 

For Plum Point Reach 60,120 63 

For Memphis Reach 34,394 50 

For Lake Providence Reach 66,443 46 

Total 162,189 66 

Financial Statement. 
November 1, 1883, to September 30, 1884. 



GENERAL SEBYXCE. 



Drawn from Treasury 

Expended 

Balance on hand September 30, 1884 



By Captain 
Sears. 



$75, 000 00 
42, 232 07 



t32, 767 93 



Bv Captain 
Willard. 



$107, 000 00 
78, 143 62 



28,856 34 



Total. 



$182, 000 0$ 
120. 375 68 



61, 624 31 



*A. B. 1861-'59 

tXransf erred to Captain Willard April U, 1884. 
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Apportionment of expenditures by general service March 1, 1884, to September 30, 1884. 

Plum Point Reach $41,025 50 

Memphis Reach and Harbor ' 31, 618 14 

Lake Providence Reach 47,732 05 

Total 120,375 69 

Allotment third and fourth appropriations 392, 000 00 

Transferred from Plum Point and Lake Providence allotment $10,000 

each 20,000 00 

Total 412,000 00 

Drawn 182,000 00 

Balance in Treasury September 30, 1884 230,000 00 

Balance in hand September 30, 1884 61,624 31 

Available September 30, 1884 .• 291,624 31 

Allotted for construction of new plant 150, 000 00 

Estimated expenditures to December 31, 1884 31, 594 43 

Estimated balance December 31, 1884 110,029 88 

Add deposit for sale of fuel 11 25 

Estimated amount available for conducting general service January 1, 

1885 110,041 13 

PLUM POINT REACH. 



Balance on hand November 1, 1883 
Drawn from Treasary , 



Total to be accounted for 
Exp ended 



By Captains 

Sears and 

Willard. 



$25, 365 15 
79, 025 50 



104, 390 65 
104, 390 65 



Balance on hand September 30, 1884. 



By Captain 
JCnignt. 



$85, 507 74 
593, 500 00 



679, 007 74 
520, 283 86 



158, 723 88 



Total. 



$110. 872 89 
672, 525 50 



783, 308 89 
624, 674 51 



158, 723 88 



Balance in Treasury November 1, 1883 ^1,000 00 

Transferred from unallotted balance, second appropriation 77, 000 00 

Allotments from third and fourth appropriations 700, 000 00 

Proportion for general service 41, 025 50 

Total 869,025 50 

Transferred to general service $10,000 00 

Transferred to Atchafalaya Front 9,000 00 

Transferred to Tensas Front, fourth district 16, 000 00 

35,000 00 



Amount available for the year...." 834,025 50 

Drawn 672,525 50 

Balance in Treasury September 30, 1884 161,500 00 

Balance in hand 158,723 88 



Available September 30, 1884 320,223 88 

Estimated expenses to December 31, 1884 243,514 15 

Balance 76,709 73 

Deposit for loss of property 20 00 

Estimated amount available for conducting work and care of property 

January 1, 1885 76,729 73 
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NSW MADRID BEACH. 



Balance en hand November 1, 1883 
Expended 



Balanoe available September 30, 1884. 



By Captain 

Sears. 



$2,427 84 
1, 231 06 



*1, 196 78 



By Captain 
Knight 



$1, 001 05 
66 74 



044 31 



Total. 



$3, 428 8» 
1,287 80 



2,141 09 



* Transferred to Captain Knight March 31, 1884. 



MEMPHIS REACH. 



Balanoe on hand November 1, 1883 
Drawn ftom Treasary 



Total to be accounted for 
Expended 



Balance on haod September 30, 1884. 



By Captains 

Sears and 

Willard. 



$4,620 36 
31, 618 14 



36. 238 50 
37,234 68 



•^-096 18 



By Major 

MUler. 



$19, 110 00 
98, 000 00 



TotaL 



$33,730 3e 
129, 618 14 



117,110 00 
85,487 73 



*31, 622 27 



163, 348 60 
122, 722 41 



30, 626 0» 



* Transferred to Captain Sears. 

Drawn from Treasury .* $121,730 36 

Drawn from Treasury for general service 31,618 14 

Total to be accounted for .*. 153,348 50 

Expended 122,722 41 

Balanoe in hand September 30, 1884 30,626 09 



Balance in Treasury November 1, 1883 33.000 00 

Allotments from third appropriation 90, 000 00 

Proportion for general service 31, 618 14 

Total 154,619 14 

Drawn 129,618 14 



Balance in Treasury September 30, 1884 25,000 OO 

Balance in hand September 30, 1884 30,626 09 

Available September 30, 1884 55,626 09 

Estimated expenditures to December 31, 1884 30,626 09 

Estimated amount available for conducting work and care of property 

January 1, 1885 25,000 00 

MEMPHIS HARBOB. 



Drawn from Treasary 
Expended 



Balance in hand September 30, 1884 



By Major 
filler. 



$40, 000 00 
28, 102 74 



*11, 897 26 



By Captain 
Sears. 



$130. 000 00 
42, 685 39 



87, 814 61 



Total. 



$170, 000 00 
70, 788 13 



99,211 87 



* Transferred to Captain Sears. 



KEPORT OP THE MISSISSIPPI RIVER COMMISSION. 



201 



Allotment from fourth appropriation $200,000 OO 

Drawn from Treasury 170,000 OO 

Balance in Treasury , 30,000 00 

Balance in hands of disbursing officer 99,211 87 

Available September 30, 1884 129,211 87 

Estimated expenses to December 31, 1884 129.211 87 

SURVEY OF HELENA REACH. 

Balance available November 1, 1883 • $488 71 

Expended 488 71 

Available September 30, 1884 000 00 

LEVEE AT LONG LAKE. 

Drawn from Treasury $1,000 OO 

Expended 15 55 



Balance in hand. 



984 45 



Allotment from fourth appropriation 15, 000 00 

Drawn / 1,000 00 



Balance in Treasury : 14,000 00 

Balance in hand .-. . . 984 45 



Available September 30, 1884 14,984 45 

Estimated expenses to December 31, 1884 14,984 4& 



OPOSSUM FORE LEVEE. 



Allotment, $25,000, none of which has been drawn or expended. 
Estimated expenditures to December 31, 1884 



$25, 000 00 



VICKSBUKG HARBOR. 



Balance on hand November 1, 1883. 
Drawn 



Total to be accoonted for 
Expended 



Balance available September 30, 1884. 



By Captain 
Sears. 



$25. 000 00 



25,000 00 
17, 571 51 



7, 428 49 



By Captain 
MarsnalL 



$5,477 60 
5, 585 58 



11, 063 18 
7, 770 98 



*-d, 202 20 



Total. 



$5, 477 60 
80, 585 58 



36, 063 18 
25, 342 49 



10, 720 69 



* Transferred to Captain Sears. 

Available November 1, 1883 $55,477 60 

Allotment from fourth appropriation 25, uOO 00 

Total 80,477 60 

Transferred to Lake Providence $42,295 00 

Transferred to Delta Point 2,119 42 

44,414 4-^ 



Balance 36,063 18 

Expended 25,342 49 



Available September 30, 1884 10,720 69 

Estimated expenses to December 31, 1884 10,720 69 
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LAKE PBOYIDENCE BEACH. 



By Captains 

Seam and 

WUlard. 



Balance on hand Kovember 1, 1883 
Drawn from Treaaurv 



Total to be accounted for 
Expended 



Balance in hand September 30, 1884 



H 700 78 
512, 557 05 



517.257 83 
505.639 40 



11, 718 43 



By Captain 
ManhalL 



$14, 627 15 
224,670 00 



239.297 15 
187, 552 16 



*61,744 99 



Total. 



$19,327 98 
737.227 05 



756,554 96 
693,091 56 



63,463 42 



* Transferred to Captain Sears. 

Balance in Treasury November 1, 1883 $137,000 00 

Transferred from unallotted balance of second appropriation 67, 200 00 

Transferred from allotment for Vicksburg Harbor 42, 295 00 

Allotted from third and fourth appropriations 700,000 00 

Proportion for general service 47 , 732 05 

Total 994,227 05 

Transferred to general service $10, 000 00 

Transferred to Tensas Front, third district 10, 000 00 

Transferred to Yazoo Front, third district 10, 000 00 

Transferred to Atchafalaya Front, foilrth district 27,000 00 

57, 000 00 



Balance 937,227 06 

Drawn from Treasury 737,227 05 

Balance in Treasury 200,000 00 

Balance in hand 63,463 42 



Available September 30, 1884 263,463 42 

Add deposit for sale of fuel 29 25 



Estimated expenses to December 31, 1884 238,492 67 



Estimated balance available for work and care of property January 1, 1885. 25, 000 00 

NEW ORLEANS HARBOR. 



Balance in hand November 1, 1883 
Drawn from Treasury 



Total to be aoooonted for 
Expended 



Balance in hand September 30, 1884 



By Captain 
Sears. 



$8, 430 11 
8,000 00 



16,430 11 
3,603 86 



*12, 826 26 



By Major 
Stickney. 



— $5, 577 10 
90,000 00 



84,422 90 
60, 371 98 



Total. 



$2,853 01 
98,000 00 



100.853 01 
63,975 84 



24, 050 92 



36, 879 17 



* Transferred to M^jor Stickney. 

Balance in Treasury November 1, 1883 $106,525 90 

Drawn from Treasury 98,000 00 

Balance inTreas.ury 8,525 90 

Balance in hand 36,877 17 



Available September 30, 1884 45,403 07 

Estimated expenses to December 31, 1884 45,403 07 

SAINT FRANCIS FRONT, FIRST DISTRICT. 

Available November 1. 1883 $1,687 09 

Expended 1,560 20 



Balance available September 30, 1884 126 89 
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SAIXT FRANCIS FRONT, SECOND DISTRICT. 

Available November 1, 1883 $787 07 

Expended 787 07 

Balance available September 30, 1884 000 00 

MOUTH OP RED RIVER. 



Balance in band November 1, 1883 
Drawn from Treasary 



By Captain 
Sears. 



Total to be accounted for 
Expended 



Balance in hand September 30, 1884 



571 26 



►671 26 



By M%jor 
Stickney. 



Total. 



$571 26 I— $14. 729 52 — $14, 158 26 
61,000 00 61,000 0« 



46, 270 48 
28,632 32 



17, 638 16 



46, 841 74 
28, 632 32 



18, 209 42 



* Transferred to M%|or Stickney. 

Balance in Treasury November 1, 1883 $53,000 00 

Allotment from fourtb appropriation 12, 290 00 

Total 65,290 00 

Drawn i. 61,000 00 



Balande in Treasury 4,290 00 

Balance in hand 18,209 42 



Available September 30, 18-J4 22,499 42 

Estimated expenses to December 31, 1884 17, 499 42 

Estimated amount available for carrying on work and care of property 
January 1, 1885 5,000 00 

NATCHEZ AND VIDALIA. 

Available November 1, 1884 $5,331 42 

Expended 2,658 50 

Balance available September 30, 1884 2,672 92 

Estimated expenses to December 31, 1884 1,672 92 

Estimated amount available for conducting work and care of property 
January 1, 1885 1,000 00 

OBSERVATIONS AT CARROLLTON. 

The observations are bein^ carried on with an allotment from the appropriation for 
the Mississippi River Commission. 



SURVEY OF UNLEVBED FRONTS IN THE THIRD DISTRICT. 

Available November 1, 1883 $503 04 

Expended 502 53 



Balance available September 30, 1884 



51 



SURVET OF UNLBVEED FRONTS IN THE FOURTH DISTRICT. 

Drawn $1,000 00 

Expended 902 12 



Balance available September 30, 1884 

Estimated expenses to December 31, 1884 



97 88 
97 88 
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SURVEY OF CUBITT'S GAP. 

Available November 1, 1883 $162 86 

Expended 000 00 

Balance available September 30, 1884 162 »6 

DELTA POINT, LOUISIANA. 

Available November 1, 1883 $7 64 

Transferred from Vicksburg Harbor 2, 119 42 

Total 2,127 06 

Expended 2,127 06 

Balance September 30, 1884 000 00 

CHOCTAW BEND SUBVBT. 

Available November 1, 1883 $1,320 14 

Expended 000 OO 



Balance available September 30, 1884 1,320 14 

This survey bas been completed. 



CUT-OFF AT TAKPLEY. 



Allotment from third appropriation $3, 000 00 

Transferred to Yazoo Front, third district 3,0C0 00 



Available September 30, 1884 



000 00 



LEVEES, SECOND DISTRICT. 



Yaaoo Front, 

Balance available November 1, 1883 $1,117 75 

Expended : 1,117 75 



Available September 30, 1884 

All this allotment has been drawn. 



000 00 



THIRD DISTRICT. 



Ten8<M Front 



Balance in hand November 1, 1883. 
Di-awn 



Total to be acooanted for 
Expended 



Balance in hand September 30, 1884 



By Captain 
Sears. 



$25,000 00 



25, 000 00 
7, 258 04 



17, 741 96 



Bv Captain 
Haranall. 



$37,683 51 
40,000 00 



77, 683 51 
63, 239 00 



*14, 444 51 



Total. 



$37, 683 51 
65,000 00 



102,683 51 
70,407 04 



82, 186 47 



* Transferred to Captain Sears. 

Balance in Treasury November 1, 1883 $20,000 00 

Allotted from third appropriation 10, 000 00 

Transferred from Lake Providence 10, 000 00 

Allotted from fourth appropriation 50,000 00 

Total 90,000 00 

Drawn from Treasury 65, 000 00 

Balance in Treasury S>5,000 00 

Balance in hand.. 32,186 47 



Available September 30, 1884 57,186 47 

Estimated expenses to December 31, 1884 57,186 47 
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Balance on hand November 1, 1883. 
Drawn 



Total to be accounted for 
Expended 



Balance in hand September 30, 1884 



By Captain 
Sears. 



$23, 000 00 



23, 000 00 
7, 449 12 



15,550 88 



By Captain 
Marshall. 



$20, 213 68 



20, 213 68 
22, 170 31 



— *1, 956 63 



Total. 



$20, 213 68 
23, 000 00 



43, 213 68 
29, 619 43 



13, 594 25 



* Transfeired to Captain Sears. 

Transferred from Lake Providence |10,000 00 

Transferred from cut-off at Tarpley 3,000 00 

Allotment from fourth appropriation 20,000 00 

Total 33,000 00 

Drawn 23,000 00 



Balance in Treasury 10,000 00 

Balance in hand 13,594 25 

Available September 30, 1884 23,594 25 

Estimated expenses to December 31, 1884 23,594 25 

FOURTH DISTRICT. 

Atchafalaya Front 

Available November 1, 1883 $7,052 78 

Drawn 24,000 00 

Total 31,052 78 

Expended 23,9H1 18 



Balance on hand 



7,091 60 



Transferred from Plum Point 9,000 00 

Transferred from Lake Providence 27,000 00 



Total 36,000 00 

Drawn 24,000 00 



Balance in Treasury - 12,000 00 

Balance in hand 7,091 60 



Available September 30, 1884 19,091 60 

Estimated expenses to December 31. 1884 19.091 60 

Tentaa Front 

Available November 1, 1883 $174,529 19 

Drawn ' 21,000 00 



Total 195.529 19 

Expended 192,555 82 



Balance in Treasury, 



2, 973 37 



Allotted from third appropriation.^ 5,000 00 

Transferred from Plum Point 16,000 00 

Allotted from fourth appropriation 90,000 00 

Total 111,000 00 

Drawn 21,000 00 



Balance in Treasury 90,000 00 

Balance in hand 2,973 37 
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Available September 30, 1884 |92,973 37 

Estimated expenses to December 31, 1884 92,973 37 

Total balance in hand November 1, 1883 ('levees) 230,590 91 

Drawn 144,000 00 

Total 374,5% 91 

Expended 317,766 77 

Balance in hand 56,830 14 

Balance in Treasury November 1, 1883 30,000 00 

Transferred from Plum Point 25,000 00 

Transferred from Lake Providence 47,000 00 

Transferred from Tarpley Cut-off 3,000 00 

Allotted from third appropriation 15,000 00 

Allotted from fourth appropriation 200,000 00 

Total 320,000 00 

Drawn 144,000 00 

Balance in Treasury 176,000 00 

Balance in hand ^ 56,830 14 

Available September 30, 1884 232,830 14 

Estimated expenses to December 31, 1884 232,830 14 

DES MOINES RAPIDS TO ILLINOIS BIVEfi. 

Balance from former appropriations July 1, 1884 |12, 663 38 

Allotment, act approved July 5, 1884 200,000 00 

Total 212,663 38 

Expended 30,914 73 

Balance September 30, 1884 181,748 Go 

Estimated expenses to December 31, 1884 71,748 65 

Estimated balance for work and care of property to January 1, 1885 110, 000 00 

ILLINOIS RIVER TO OHIO RIVER. 

'iBalance from former appropriations July 1, 1884 $9, 969 15 

Allotment, act approved July 5, 1884 470,000 00 

Total 479,969 15 

Expended •. 65,450 56 

Balance September 30, 1884 414,518 49 

Estimated expenses to December 31, 1884 147,472 37 

Estimated balance for work and care of property January 1, 1885 267, 046 12 

PROTECTION OF EASTERLY BANK OF BOSSISSIPPI, NEAR CAIRO. 

Allotment, act approved July 5, 1884 $50,000 00 

Expended 5.408 01 

Balance September 30, 1884 44,591 09 

Estimated expenses to December 31, 1884 18, 591 09 

Estimated balance for work and care of property to January 1, 1884 26, 000 OO 

Respectfully submitted. 

J. H. WILLARD, 
Captain of Engineers, 
Secretary Committee on Construction^ Mississippi Biver Commission. 

First Lieut. Smith S. Leach, 

Corps of Engineers, Secretary Mississippi Biver Commission, 

2{)28 Washington Avenue, Saint Louis, Mo, 
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Appendix F. 

rbport of captain j. g. d. knight, corps op engineers, upon operations in 

the first district. 

United States Engineer Office, 

Cairo, IlLj October :ib, 1884. 

Sir : I submit the followiDg report of operations in the 1st district, Mississippi 
River, between November 1, 1883, and October 1, 1884. 

saint FRANCIS FRONT. 

There has been platted the location of the line of levees along so much of this front 
as lies in this district. In addition an alternate line has been run a distance of 8.75 
miles from Mill Bayou to the vicinity of Barfield, which avoids caving banks, is not 
too remote from the river, and substitutes the closing of a small slough for that or 
Mill Bayou, thus leaving the latter free for the floating out of timber, a business, 
whose prosecution, if interrupted, would endanger the levee. 

STATEMENT. 

Allotment $5,000 OO 

Expended November 1, 1883 $3,312 91 

Expended November 1, 1883, to October 1, 1884 1,560 20 

4,873 11 

Balance on hand October 1, 1884 *... 126 89" 

NEW MADRID REACH. 

February 4, 1884, a preliminary project for the improvement of 33.5 miles of this 
reach was submitted, involving the expenditure of $179,675 for plant and $1,453,00^ 
for construction work. With the experience gained in the Plum Point Reach, it .is- 
thought that the estimated cost of construction should be increased. Moreover, with 
the many changes continuing on this reach, so much of the project as related to dike- 
work should now be modified, and that relating to bank protection extended. Cav> 
ing in the vicinity of Darnell's continues with great rapidity, and a water-spout haa 
80 gullied the front of New Madrid as to render it less able than ever to withstand 
the cutting action of the river. This season, however, navigation through the reach 
has been attended with much less difficulty than last. 

STATEMENT. 

Allotment, less retransfers to other allotments $212, 500 OO 

Expended November 1, 1883 $209,071 11 

Expended November 1, 1883, to October 1, 1884 1, 287 80 

210,358 91 

Balance October 1, 1884 2,141 0» 

PLUM POINT REACH. 

Though this reach, as defined by the Commission, is 40 miles long, work of improve- 
nent has been limited to that portion of the reach bounded up-stream by Gold Dust 
Lauding and down-stream by Yankee Bar, a distance of 13 miles. Within these limits- 
seven different construction parties have been at work, and the reports of the various, 
chiefs are attached. Brief reference will now be made to each of the localities occu> 
pied by these parties, taking them in their down -stream order. 

Gold Dust dikes. — The condition of this work, Novembei^l, 1883, is set forth in the re- 
port of the Missi.ssippi River Commission, 1883 (page 365, and plate 37). Its preNcnt 
condition is shown in Plate IX. As at present projected, it is thought this work will be- 
completed before the com*ng high water. Damage to the main dike and cross-dikes waa 
done as described in the reports of Assistant Engineers Frith and Geuder (Appendices 
F 1, and F 3). Heavy fitln have occurred immediately behind the main and cross 
dikes, which at some places are 30 feet above low-water level; the curve of low 
water closes below No. 5, a deposit of 12 feet having taken place since October, Itit^'S, 
The openings unavoidably left in upper dikes to give access to lower unfinished ones,, 
served at high water to give admission to heavy drift, and, on a falling river, to de- 
velop heavy scour through Elmot Chute; the drift was detrimental to unfinished 
work. The main dike has been reinforced by a row of piling in its front. No at- 
tempts have been made to close Dikes 4 and 5, and that to close 3 was abandoned. To 
continue it would have been to risk failure to close all openings above it; while its 
closure was not deemed essential to the turning from Elmot Chute of the flow of 
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the river in its lower stages. The report of AssistaDt Eo^neer Oeorge W. Gender 
fully describes the operations since last report^ and is of interest as showing how 
difficulties, which might well have discouraged, were intelligently met and overcome. 
Attention is invited to the maps pf Assistant Engineer Craig, showing condition of 
river in vicinity of Gold Dust October, 1884 (Plate VI), and comparisons of this with 
its condition October, 1883 (Plate V). 

Fletcher^s Field Revetment (Plate X). — This is to extend eventually from Mill Bayou 
down to near the head of Upper Osceola Chute ; 493 running feet of mattress, 175 feet 
wide, is in place, and 800 feet of narrower mattress ; the object of the latter, narrower 
mattress, having been to check disastrous caving promptly ; 2,000 feet of high-water 
protection is partially laden with stone, and there is a reasonable prospect that at 
all points where work has been commenced, the end of the season will find the 
work completed in its details as far as it extends. The continuity of this work is in- 
terrupted by a heavily interlaced mass of fallen timber. As far as the power of the boat 
would admit, this was removed by the snag-boat John R. Meigs, temporarily placed at my 
disposal by Maj. A. M. Miller, Corps of Engineers, U. S. A. ; for the heavier mass, it is 
hoped, and by the engineer officer in charge of the Mississippi River snag-boats 
deemed probable, that the services of one of the heaviest snag-boats could be secured 
to remove so much of the rack-heap as was too heavy for the Meigs. Besides this, 
trouble arises, as at Bullei'ton Tow-head, from seepage. The maximum caving in this 
bend between October, 1883, and May, 1884, occurred at range 33^, and amounted to 
700 feet. 

Osceola Upper and Lower bare, — On pages 366-369, Report of Mississippi River Com- 
mission, 1883, is shown the condition November 1, 1883, of the dikes and bank protec- 
tion near these bars. Since then Dikes 1 and 2 have needed little attention. The 
mass of drift in front of l^o. 1 was consolidated by the rise of the river and increased ; 
the first deposit near the dike, not rising with the water, the rest fioating over and 
lodging upon it, and more in front of it. The low-water shore-line now comes in front 
of the line of the dike, as shown in the sketch of Assistant Engineer W. L. Seddou 
(Plate XII). Behind the dike the chute is dry at a 10-foot stage, and for two-thirds 
of its width tilled nearly to the height of the adjacent tow-head, and covered with a 
growth of young willows. Dike No. 3 has been closed, and repairs made at the end 
where the river tended to flank it. Thirty acres of drift are now accumulated above 
it. No revetment work has been done on the upper bar. By December 26, 1883, 2,663 
linear feet of mattress, about 150 feet wide, had been sunk in front of the lower bar. 
The supply of material did not render practicable the resumption of work here uutil 
last August, when it was found necessary to add at the head a mattress 1,337 feet 
long, to connect 4he earlier mattress with the shore. The bank above all mattress 
work is now graded to a slope of 1 on from 2^ to 3i, and 972 linear feet are revetted 
with brush. It is not doubted that Assistant Engineer Seddon will have the revetment 
work well up with the mattress work by the end of the season. His report for this 
section of the reach is attached (F. 4;. 

Osceola Ko, 4 — ^This dike had been approximately located near the foot of Osceola 
Chute, but a survey in the spring of this year indicating a tendency of the river to 
•cut across the foot of Osceola Chute and thence into Buuerton Chute, I changed the 
location to just below the foot of Osceola Bar, parallel to and 100 feet above range 
48^. Its length is 2,450 feet. The construction of the Arkansas end of this dike was 
rendered difficult by the river's taking the expected turn. Caving commenced at the 
bank and heavy scour set in across the dike location, giving a depth of water of 50 
feet, which, however, was somewhat avoided by an offset in the dike. Large accumu- 
lations of drift have occurred above the Arkansas end of the dike during the recent 
rise ; during August and September a fill between the rows of the dike of from 5 to 20 
feet has taken place, and one of 15 feet 100 feet behind the dike. No scour nor tend- 
•ency to the same has been discovered. 

The report of Superintendent James M. Riley, hereto attached (Appendix F 5 and 
Plate XI), gives a clear, concise statement of difficulties encountered and largely by 
his persistent energy overcome. 

Bullerton Tow-head, — ^At date of last report in this vicinity the revetment of the 
tow-head required for its completion 500 feet of mattress, 2,700 of revetment, and much 
distribution of stone. It has since been completed, but repeated repairs have been 
and still are necessary. I estimate that at the present time 750 feet need repairs 
which in extent will amount to renewing the revetment or high-water protection. 
These repairs can not be considered general, for the general condition of the work is 
good; but are confined mainly to special localities where their need recurs, and 
where seepage prevails. The total protection is 8,700 feet long ; the repairs therein 
made during June and July, 1884, required 1,391 linear feet of mattress, 45 to 50 feet 
wide, 1,105 linear feet of revetment and 1,004 of grading. In July it was found to 
be possible to undertake Bullerton Dike No. 2, which I definitely located at the Sans 
Souci section of the chute. Later work was started on the closure of No. 1, of necessity 
left unfinished, last year's only practicable low -water channel being down the chute. 
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The change of direction required by deep water in No. 1 last season being no longer 
needed, it will be completed on the line of direction of the tow-head portion. Openings 
through both Nos. I and 2 were necessary to give access to Osceola No. 4, but orders 
have been given to leave drivers at No. 4 with a supply of material and close No. 1. 
At a higher stage these drivers can be gotten out; the season is too nearly at an end 
to allow of any delay in the completion of the lower cross-dikes. The sites of both 
of these have been mattressed their entire length ; the lower dike will have a tipped 
mattress; the upper will not. 

Superintendent A. J. Nolty's report (Appendix F 6), together with his sketch (Plate 
XIY ), shows condition and location of work, which he has administered with energy 
and economy. 

Plum Point Dikes. — ^The plate (Plate XIII) attached sufficiently indicates their 
location and present extent. At the close of last season 3,445 feet of dike had been 
built. October 1 this had been increased to 15,010 feet. In accordance with pro« 
ject amended by the Commission, cross-dike No. 3 has yet to be extended 100 feet ; 
No. 4, 400 feet ; and No. 5, 500 feet. Whether it will be necessary after these exten- 
sions to further extend the entire system remains to be seen. The channel-way re- 
maining varies from 4,000 feet in width at the foot of Bullerton Tow-head to 4,800 feet 
at the head. Still, no extension not already projecr«'d should be more than considered 
until the work in Bullerton Chute, at the foot of Lower Osceola Bar, and the repairs 
of £iullerton Tow-head revetment are completed. The dikes so far built have served 
to close one channel to the left of Bullerton Bar, and will, ^t is hoped, tend to check 
the wearing away of the head of Yankee Bar. 

For details of construction and statement of work accomplished, reference may be 
had to the report of Assistant Engineer S. P. Hatfield (Appei^dix F 7), whose charge 
of the work has been well administered. 

Craighead Point Revetment. — ^While during previous seasons the necessity of ulti- 
mately revetting Craighead Point from Bullerton Tow-head down-stream was admitted, 
no immediate urgency existed. But this season the bar in front of the Lower Osceola 
Bar, moving down-stream, partially closed the entrance to the channel immediately 
along the front of Bullerton Tow-head, and the water passing mainly around the head 
of Yankee Bar and through Bullerton Bar united to cause rapid caving, both by direct 
assaults and by indirect, the latter arising from the bar formation where these two 
currents met, passing close to the Arkansas shore. Operations were carried on dur- 
ing August and September, but were attended with success in August only. Diffi- 
culties encountered during September, arising from current and drift, were not success- 
fully overcome. The location of work done is shown in the sketch attached (Plate 
XV), and the disasters attending the starting of new mattresses and struggles with 
drift are set forth in the report of Assistant Engineer F. A. Yeager. (Appendix F 8.y 

Results, — These are set forth in the report or Assistant Engineer N. B. Craig, who 
has had charge of surveys, and has energetically carried them on despite much sick- 
ness of himself and party. Attached to this report are— Plates I and II — a map of 
reach as surveyed May-June, 1884 (2 sheets) ; III, areas of effective low-water cross- 
sections, October, 1881, October, 1883, and May, 1884; and scour and deposit between 
October, 1881, and October, 188:^ ; Plate VII, condition of river in vicinity of Buller- 
ton Tow-head, low water of 1884 ; IV, comparison of this with condition October, 
1883; VI, condition of river in vicinity of Gold Dust dikes, low water of 1884 ; V, com- 
parison of this with condition October, 1883. The second shows an increase of ef- 
fective area of low water between October, 1881, and October, 1883, from Gold Dust 
.to Elmot, a marked increase at head of Bullerton Chute, and a decided decrease along 
Bullerton Tow-head, the decrease continuing to Craighead Point. The comparisons 
with Ma^, 1884, are comparisons of low-water stages of 1881 and 1883, with a stage 
of 1884, intermediate between high and low, of interest as showing an increase m 
area of cross-section along the front of Osceola Lower Bar during a high stage. Mr. 
Craig's report also describes in general terms the changes in vicinity of Bullerton Bar, 
and gives data of importance concerning locations and extent of caving banks on 
this reach, notably a caving of 400 feet on Tennessee shore, 750 feet below range 25 
between October, 188^), and April, 1884 ; a caving of 700 feet between October, 1883, 
and May, 1884, on Arkansas end of range 33^ j a recession down-stream between the 
same dates of the head of Yankee Bar, amounting to 740 feet, and a caving of 380 feet 
at Arkansas end of range 63^ between October, 1883, and June, 1884. Four maps 
(Plates VI and VII), relating to Gold Dust and Bullerton, prepared by him, give com- 
pletely the changes between the low waters of 1883 and 1884, which have occurred in 
ihe immediate vicinity of dike works. 

Of the discharge observations that of September 15, 1884, shows a discharge through 
Bullerton Chute of 23.7 per cent. ; through the Tennessee Channel, 18.3 per cent. ; 
through the Bullerton Bar, or middle channel, 31.3 per cent., and along outside of Bul- 
lerton Tow-head, 26.7 per cent. In other words, at this low water three-fourths of the 
river passed outside of Bullerton Chute ; last low-water season only one-half passed 
outside. September 15, 1884, the area or Bullerton Chute discharge section was two- 

H. Ex. 64 14* 



210 



REPORT OF THE MISSISSIPPI RIVER COMMISSION. 



sevenths of the sum of the sections of the foar channels. During August and the 
earlier part of September Bnllertou Bar re established its claim to being an impedi- 
ment to navigation. It was on record as having been such prior to improvement 
work commencing on this reach ; but, since this commencement, had never so shown 
itself until this summer. About 8^ feet could be carried through for the time in 
question, but the channel was narrow and tortuous, scarcely deserving the name, 
oteamboats lightened, and in broad daylight went aground. This state of affairs con- 
firms me in the belief that the satisfactory depth over BuUerton Bar during previous 
seasons should not be attributed to works then going on. Not without interest is a 
comparison of the reduced channel depths over BuUerton Bar, shown on Assistant 
Craig's outline map of May-June, 1884 (Plate II), and the depths as shown on his 
map of same vicinity at low water of 1884. 

The low-water survey of next season and of 1886 may be expected to indicate 
whether or no advance is being made in securing a satisfactory low- water channel 
along the front of BuUerton Tow-head. This season aU that can be claimed for the 
dikes is that they assisted in removing obstacles to low- water navigation two or three 
weeks earlier than nature, unaided, removed them elsewhere in the river. Next season, 
I believe, they will materially aid in preventing their recurrence. 

The details of cost to date of work so far performed at the various stations are given 
in the following table. 

In the case ot BuUerton Tow-head Revetment the cost of completed work, per-linear 
foot of bank, is given ; but the cost of completed protection and dike- work cannot yet 
be given in case of the other works yet incomplete. 

Eatimated C08t of works ofconsimction near Plum Pointf Tenn., to Octobur 1, 1884. 



Work. 


Labor on 
construc- 
tion. 


Material 

for con- 

stmction. 


Subsistence. 


Repair, 

costs, and 

outfit of 

plant. 


Care of 
property. 


Towage 

and 
steamers. 


Ashport Bank Revetment .. 
Gold Dust Dikes 


$5. 149 72 

110, 018 50 

ie,385 48 

9,085 44 
9,129 06 

81, 306 49 
5,009 27 

16,885 48 

17, 821 80 
14, 044 70 
11, 001 08 
42,836 34 
62,733 02 
5,883 80 


$5, 041 46 

107,708 56 

16, 041 01 

8,845 48 
8,987 14 

30,707 08 
4,903 97 

16, 041 01 

16,957 64 
13, 749 44 

10, 770 40 

41,935 79 

61, 414 20 

5,270 62 


$2,852 27 

60.934 65 

9,075 42 

6,004 48 
6.056 29 
17, 872 92 
2,774 48 
9,075 42 

9, 594 02 
7, 778 92 
6, 093 48 
23,725 71 
34,745 82 
2,981 92 


$8.120 51 

173,483 94 

25,837 97 

14,247 80 
14,895 45 
49,461 26 
7,899 04 
26,837 97 

27,314 43 
22. 146 83 
17, 848 36 
67,547 88 
98,922 55 
8,489 62 


$1, 091 71 

23,429 13 

3,473 66 

1.868 40 
1,88214 
6,649 56 
1,061 96 
3,473 67 

8, 672 17 
2,977 43 
2, 332 31 
9, 081 27 
13,299 28 
1, 141 34 


$4,422 22 
94,474 92 
14, 070 70 

7,750 00 
7,889 40 

26,985 35 
4, 301 60 

14, 070 70 

14,874 74 
12,060 60 

9,447 47 
36,784 88 
53,870 68 

4,623 23 


Fletcher's Field Revetment 
Osceola: 

Upper dike 

3liddledike 


Cross dike 


Upper Bar Bevetment . . 
Lower Bar Revetment. . 
Ballerton : 

Main dike 


Cross dike No. 1 

Cross dike No. a 

Tow-head Revetment. . . 
Plnm Point Dikes 


Craighead Point Revetment. 


Totals 


355, 800 87 


348,318 80 


197,065 75 


561, 053 56 


75, 429 03 


305, 535 44 





Work. 


General 
administra- 
tion of 
office. 


Survey. 


Miscellane- 
ous. 


Total cost. 


Work cov- 
ered by 
contracts. 


Approxi- 
mate 
cost. 


Ashport Bank Revetment . . 
Gold Dust Dikes 


$503 01 

11, 814 46 

1, 759 58 

970 30 
980 00 

3,368 34 
537 93 

1, 759 58 

1, 860 13 
1, 508 23 
1, 181 33 
4,600 05 
6, 736 67 
578 16 


$372 80 
7,954 06 
1,184 56 

653 22 
659 98 

2,267 59 
362 13 

1,184 56 

1, 252 25 
1,015 34 

795 35 
3.096 78 
4, 534 23 

389 22 


$287 74 

5, 078 75 

756 46 

417 14 
421 47 
1, 448 09 
231 26 
756 46 

799 69 
648 40 
507 91 
1,977 62 
2,896 16 
248 54 


$27,840 94 

594,892 06 

88,584 84 

48,796 21 
49,300 93 
169, 576 68 
27, 081 64 
88,584 85 

93, 646 87 
75, 929 89 
59, 478 29 
231, 586 22 
339, 152 61 
29, 106 45 


Linear feet, 
2,694 
38,974 
6,150 

7,316 
3,773 
9,437 
3,100 
4,300 

8,305 
1,800 
1,400 
8,700 
16,010 
1,050 


$10 34 
*15 26 


Fletcher's Field Revetment. 
Osceola : 

Upper dike 


14 40 
t6 67 


Mjodledike 


tl3 07 


Cross dike.' 


17 97 


Upper Bar Revetment. . 
Lower Bar Revetment. 
BuUerton: 

Main dike 


8 74 
20 60 

11 28 


Cross dike No. 1 

Cross dike No. 2 

Tow-head Revetment . . . 
Plum Point Dikes 


42 18 

42 48 

f|26 62 

22 60 


Craighead Point Revetment. 


27 72 


Totals 


38, 207 77 


25, 721 57 


16, 425 69 


1, 923, 558 48 









* $1.40 repairs. 



f Complete; balance incomplete. 



X $1.67 repairs. 
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Estimated value of plantf first district^ Mississippi Biver, 



Craft. 



Pile-drivera 

Quarter-boats . 
mattress-boats 



Graders 

Derrick-boats 

Barges 

Machine-boat . . . 
Whitehall boats . 

Skiflfs 

Lannch Mineola . 
Launch Titania . . 
Steamer Itasca .. 
Steamer P. Kims 



Total. 



No. 



37 
16 

8 

2 
2 

53 
1 
6 

6S 
1 
1 
1 
1 



Original 
cost. 



$183, 715 00 
58, 320 00 
43, 310 00 

60, 464 00 
9,900 00 
118, 145 00 
8, 200 00 
339 00 
1.416 50 
3, 200 00 
1, 500 00 
9, 500 00 

11, 740 00 



509, 749 50 



Craft. 



Pile-drivers 

Qaarter-boats * 

Mattress-boats 

Dot 

Graders 

Derrick-boats 

Barges t 

Machine-boat 

Whitehall boats . . . 

Skiffs 

Launch Mineola §. 
Launch Titania . . 
Steamer Itasca 
Steamer P. Kirns 



Total. 



Ko. 



37 

16 
» 
2 
2 
2 

51 
1 
6 

63 



1 
1 
1 



Estimated 
value on 

September 
30. 1884. 



$131, 667 00 
29, 349 00 
21,968 00 
10, 828 00 
42, 978 00 

6, 586 00 
54, 832 00 

5,773 00 
221 00 

1,210 00 



1, 229 00 
9,266 00 
8, 913 00 



324, 820 00 



*One of the quarter-boats entirely unfit for use; $29, 349 represents value of 15 quarter-boats. 
1 Two mattress-boats received during the period covered by present report. 
t Two barges sunk. 
^Sunk. 

The launch and barges sank were a total loss. The quarter-boat, no longer safe 
afloat, has been floated out on the bank at high water, and now serves as a workshop. 

The number of barges available has proved insufficient. Efforts to charter addi- 
tional ones have not been attended with much success. For next season's use more 
barges must be built. Some if not all of these should be iron, as I see no reason why 
they could not be used and thereby effect a considerable saving in the annual expense 
of repair of barges. 

At least one more steamboat will be needed for long towage of brush and poles. 

Details of construction of pile dikes are set forth in the report of A. J. Frith, assist- 
ant engineer in local charge (Appendix F 1). The attention and study given by him 
to these has resulted in a form of construction which will probably need no further 
modifications. With mattress laid in advance of dike construction, and in chutes, 
along the entire dike location, before the dike proper is commenced, pile work can 
certainly be prosecut'Od in 30 feet of water. But in swift currents the upper mat- 
work, as tipped mattresses or wattling, should not follow pile work until the latter is 
very near completion. In case of closing chutes or of a system of dikes, especial study 
should be given to the order in which work is to be done. Access to ^ork in process of 
constroction should be unrestricted bv other work, either in like stage or already 
completed. The closing of openings left through some work to reach other is likely 
to be expensive and slow. Longitudinal dikes, furnishing a boundary to the pro- 
jected channel, should not be constructed until all cross dikes in rear are built out to 
their full extent. Earlier construction of these tends to prevent useful deposits of 
drift over areas where fill is hoped for, and access to cross dikes which may need re- 
pairs before the results expected from them have been realized. Tipped mattresses 
should be placed in the down- stream dikes of a system; those intended to catch drift 
do not need them. Their use on intermediate dikes is of doubtful utility. Revetting 
ends of dikes in chutes is advisable ; revetting shore ends of spur dikes which are run 
out from convex points is of course not necessary. 

Though fill is proportional to height of dike, it is not recommended therefore to raise 
the top of the dike above a mean sta^^e, but to take this advantage, viz, in locations 
where the construction of a dike is advisable, and where depth of water does not pre- 
vent it, prosecute this constnuBtion during high- water stages, keeping tops of dikes 
to lowest elevations necessitated by hi^h water and reducing the heights as the river 
falls, until the tops are on a level with the mean river stage. Below this the top 
line should not go. 

It is advisable that cypress piling should replace cotton wood to a greater extent ; the 
difficulty in the way is that contracts for cypress piling are better made at the close of 
a working season than at the beginning. Cypress brakes in this district are at a con- 
siderable distance from the river, requiring at low water a haul too long to be con- 
sidered, while at high water the piling can be floated out to the edge of the banks 
ready for rafting as required. But this otherwise timely season is generally very un- 
timely for the reason that funds are then almost exhausted, and it is not known 
whether another appropriation will be passed by Congress or when it may be ex- 



212 BEPOBT OF THE MISSISSIPPI BIVEB COliMISSION. 

peoted. Hardly a proper condition of affairs with which to enter npon a contract for 
a delivery of material. 

Protection work has not yet proved an entire sacoess. While in depths of from 50 
to 70 feet it seems probable that a bank can be held against assanlts from the water 
aide, the method of protecting a bank from the influence of seepage water has not yet 
been devised. Trooble with drifts may be obviated by the use of fender barges to 
slimt the drift from the head and flank of a mattress. Care should be taken that the 
close of the working season finds all mattress work accompanied by corresponding 
completed upper bank protection ; otherwise it will probably be necessary the follow- 
ing season to construct another interior mattress. 

The question of timely supplies of material is still troublesome, though less so than 
in former seasons. But with a large increase of force engaged in protection work, to 
obtain the requisite supplies of brush and poles will be no easy matter. At high 
water the willow camps are overflowed. At intermediate falling stages they are quag- 
mires, and at low water many of them are inaccessible to barges and steamboats. 
The importance of this subject may be seen when it is known that during the period 
covered by this report there have been used on this reach 32,591 cords of brush and 
3,729 cords of poles. 

All work has been done by hired labor. In purchasing brush, piles, and poles, writ- 
ten sealed proposals have been obtained in response to circular letters to principal 
dealers. The prices paid for these articles are, piles, 3i cents per running foot deliv- 
ered at the works ; brush and poles delivered on barges at (1.07 and $2 per cord re- 
spectively. Fresh beef has been supplied under contract at 7 cents per pound. A 
laree amount of wire was contracted for by the purchasing agent of the Commission, 
and proposals have recently been received, after advertisement, and accepted, for 
supplying grocers' supplies, canned fruits and vegetables, salt meats, and millers' sup- 

Slies. One contractor. C. Mark Cole, having failed in his delivery of piling, moneys 
ue him at the time or failure were, as per agreement, forfeited to the United States. 
Work t>o be done in accordance with existing projects and between Aehport and 
Craighead Point is approximately as follows : 

Feet. 

Ashport to Gold Dust Revetment 18, 000 

Mill Bavou to head of Osceola Chute Revetment 18, 500 

Upper Osceola Bar Revetment 3, 000 

Lower Osceola Bar Revetment 5,500 

Upper side of Craighead Point Revetment 14,000 

Total 59.000 

Gold Dust Dikes 1,400 

Osceola No. 4 Dikes 300 

P um Point Dikes 1,000 

Bullerton Nos. 1 and 2 Dikes 1,000 

Total 3,700 

In addition it may be thought advisable to revet head of Yankee Bar 2, 000 

Revet head of tow-head to the west of Island 30 400 

Total 2,400 

And to construct spur dike near foot of Elmot Chute 1,500 

2 spur dikes at Plum Point , 1,200 

Total 2,700 

Projected work: 

59,000feetof revetment work, at t35 $1,475,000 

3,700 feet of dike work, at$25 92,500 

Suggested work : 

2,400 feet of revetment work, at $25 60,000 

2,700 feet of dike work, at $22 59,400 

Total estimated cost 1,686,900 

It is thought that this construction work will continue to increase in cost ; the diffi- 
cnlty of getting material continually increases, and with this the cost. Moreover, 
methods of revetting banks influenced by seepage will be more expensive than the 
ordinary bank protection. 
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STATEMENT. 

Allotments from appropriation of— 

March 3, 1881 - |568,095 18 

August 2, 1882 1,077,000 00 

January 19, 1884 365,000 00 

July5, 1884 300,000 00 

Collected from employes for lost property and deposited in United States 

Treasury 20 00 

Proportion of allotments for general service charged to Plum Point 

Reach 41,025 50 

Total 2,351,140 68 

Expended to date 2,030,896 80 

Balance 320,243 88 

Of this balance $130,723.88 are drawn from the Treasury, $28,000 are in transitu, 
and $85,000 applied for, for use in November, 1884. Hence, $76,520 is the estimated 
balance December 1, 1884, for prosecuting work and oaring for plant until another 
appropriation is made. 

General matters relating to the first district — On the Plum Point Reach a study of 
places requiring attention develops many where the need of protection is urgent, and 
80 on with the district itself. Excessive caving characterizes the vicinity of Hick- 
man^ Columbus, New Madrid Bend, and the bend of Island 35, and considering its 
possible effect on the first district, I trust I may be allowed to invite attention to the 
bend opposite and below Cairo. Should systematic bank protection, progressing 
down-stream from some determined origin, be undertaken, that origin should be 
placed above Cairo on the Mississippi. Bat such progressive work wiu be slow, and 
in the mean time it would be well to undertake, simultaneously, such as will tend to 
improve the river where caving is progressing with exceedingly injurious rapidity. 

Of these points, it certainly needs no defense to select, other things being equal, 
those where damage being done to property is greatest. Such a selection would 
arrange the points above named in the following order : Bird's Point, New Madrid 
Front (not Bend), Island 35 bend, Darnell's (New Madrid Bend), Columbus, and Hick- 
man. 

The following table gives the total expenditure on the first district, and also includes 
$26,636.68 liabilities incurred. 



Statement of money dislmrsedf first distriotf Mississippi Biver. 



Plam Point. 



General administration 

Office 

Care of property 

GonBtruotion of plant 

Steamers, towage, &o 

Subsistence 

Snrvey , 

I«aboron plant 

Labor on constmotion works 

JCaterial for constmotion works. 

Qaarters 

Hiscellaneoos 



To date 



$117,458 74 

20, 749 03 

76,429 08 

476,8ei46 

324,943 44 

197, 066 76 

26, 721 67 

161, 696 88 

866,800 87 

348,818 80 

37,662 22 

16, 425 69 



2.057,633 48 



New Madrid. 



$683 98 

21 00 

18 60 

198,649 09 

7,296 60 



4,665 69 
20 00 



4, 213 25 



210, 358 91 



Saint Francis 
Front. 



$4,878 11 



4,878 11 



Bxpended as per report, 1883. 
Xzpended since 



$1,673,057 26 
699,706 25 



2,272,765 60 



Plum Point... 
New Madrid. . 
SidntFrancU. 



$2,057,688 48 

210, 368 91 

4,873 11 



2,272,765 50 



Very respectfully, 



Ident. Col. C. B. Comstock, 

Corps of Engineers, U, S, A,^ 

FreMeni Mississippi Miver Commission, 



JOHN G. D. KNIGHT, 
Captain of Engineers, U. S, A, 
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report of arthur j. frith, assistant bnoinebr, upon the iltfprovbbfbnt of the 

mississippi river at plum point. 

United States Engineer Office, 

Elmot, Ark.f October 1, 1884. 

Captain ; I have the honor to make a report on the improvement of the Mississippi 
River at Plam Point, Tenn., covering the period between November 1, 1883, and 
October 1, 1884. 

By reference to map (I and II) accompanying Assistant Craig's report it will be 
seen that the work on this reach may be divided into five distinct stations or x>oints 
of operation, the objecct of which is to concentrate the bulk of water within a single 
channel. 

1. The closing of the chutes between El mot Bar and the Tennessee shore by the 
main and cross dikes at and below Gold Dust. 

2. The protection of the Arkansas shore from Fletcher's Landing to Elmot against 
the continual encroachment of the river. 

3. The closing of the chutes between the Arkansas shore and Osceola Bars and 
Bullerton Tow-head and the protection of the river banks of the latter island. 

4. The encroachment of the Tennessee shore upon the river bed by main and cross 
dikes below Plum Point. 

5. The protection of the Arkansas shore below Bullerton Tow-head against further 
caving. 

On November 1, 1883, and previous to the high water, the condition of these sev- 
eral scenes of operations were as follows : 

At Gold Dust there was a main dike running from Gold Dust to Elmot Bar and 
seven cross-dikes between it and the Tennessee shore, namely: Cross-dike No. 1, No. 1 
A, No. 1 B, No. 3, No. 3, No. 4, and No. 5. The portions of these dikes lying upon the 
continuation of Elmot Bar were of the earlier type of construction and are deemed 
weak. 

Those nearer the channel portion are in accordance with later specifications and of 
much better construction. 

There was a continuous line of openings through the main and cross dikes, follow- 
ing the line of deepest water. 

This channel had been imperatively necessary for the supply of material to the 
various localities where work was in progress, and as this is essentially a high-water 
chute, that is, its greatest current and discharge being during the hi^^her stages ot 
the river, it was earnestly desired that all our work should be in a condition to with- 
stand the attack of the coming season. Lack of material furnished, due greatly to 
the inclemency of the weather, rendered futile the attainment of this object. The 
opening in Cross-dike No. 5 was closed and mattressed, but that in No. 4 was only 
partially finished, and the other openings were all clear and wide. On the main dike 
and bar end of Cross-dike — , foot and tipped mattresses were finished, but were 
weighted in many instances by sand-bags in place of rock. At Station 2 the protec- 
tion of Fletcher's Bend had not been commenced. At Station 3, Osceola Cross-dike 
No. 1, between Upper Osceola Bar and the Arkansas shore, was complete with heavy 
drift piled in front and some fell behind it. This, as well as Osceola No. 2, further 
down the chute, was thoroughly inspected and braced with wire cables during the 
end of the season. 

Osceola Cross-dike No. 3, between Lower Osceola Bar and the Arkansas shore, was 
finished and mattressed. The inner shore of the bar was mattressed and the outer 
shore for 3,583 feet was protected by mattress 150 feet wide, of which the latter por- 
tion was sunk just previous to the .final rising of the river. 

In Bullerton Chute the closing was but partial, since the steamboat channel ran 
throush it, and the final work could not be done until a passage was found elsewhere. 

At tnis point there was the main dike between Osceola Bar and Bullerton Tow-head 
and Bullerton Cross-dike No. 1, which, with the exception of the opening for steam- 
boats, was completed and mattressed. Bullerton Tow-head was mattressed through- 
out its entire length, and we were able to finish and load the entire high-water pro- 
tection before the final rising of the river. 

At Station No. 4, Cross-dikes Nos. 1 and 2 and the main dike to the latter were 
driven with an opening just above No. 1. Of this. No. 1 and the main dike above it 
were finished with foot and tipped mat, but No. 2 and the lower end of main dike were 
unmattressed. 

At Station No. 5 no efforts had as yet been made to protect the Arkansas shore. 

During November the river rose from 9 to 18 feet, and fell again to 7 feet on Decem- 
ber 25, when, accompanied with ice, the winter rise set in. This first rise was sudden 
and pressed us closely. Its first effect was to increase the current in Elmot Chute, 
Station No. 1, to a dangerous extent, especially at Cross-dike No. 5, where the channel 
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18 narrow, and to canse large aocnmnlations of drift on the main and cross dikes. At 
No. 5 the head of the water was beyond all expectations, being estimated to be from 14 
to 18 inches, and at the main dike mnch less, probably not over 5 or 6 inches. No. 5 
dike stood this enormons pressure of over 2 tons to the running foot in the deepest 
portion for some time. Then the forward brace gave way, and the front line fell back 
on the second. It remained thus for a time, but with violent shaking of the indi- 
vidual piles and clusters, when it finally broke in several places. No. 4 was also 
damaged, but all other portions were uninjured. Efforts were made to repair the 
damage, but rising water and ice soon put a stop to all operations. 

At Station No. 3 the effect on Osceola No. 1 was most interesting ; at the first rise 
one-half of the accumulation of drift 600 feet wide in front of the dike apparently 
narrowed and then filled out again, caused by the drift next to the piling being buried 
and anchored ; so thus on the water rising, the accumulation behind rose and floated 
over it. There was no current behind this dike. 

At Osceola No. 3 a vast amount of drift lodged against the dike, pressing it back 
in the center, where we were driven out at low water before completing it ; for a time 
this threatened a total destruction, but timely efforts soon strengthened this portion, 
and no damage was sustained. 

Bullerton main dike and Cross-dike No. 1 also showed accumulatieus ot drift, but 
no harm was done. 

At Station No. 4, the only effect of this rise was to show a noticeable fill behind the 
dike of from 5 to 10 feet, but the high water and floating ice put a stop to field opera- 
tions and forced us into winter quarters. 

The crest of the rise was reached at this point February 27, 1884, when the guage 
showed 32.05 foot above low water of 1879. 

As mnch of the Gold Dast, Bullerton, and Plum Point dikes reach but to the height 
of the 15-foot stage, they were, of course, covered at the higher stage of the river. 
Osceola Nos. 1, 2, and 3, and parts of Bullerton No. 1 and Plum Point dikes, ap- 
proached the high- water level and held large amounts of drift. We closely watched 
for the different effects that might be ascribed to this difference of height, and found 
that the height of fill was in almost direct ratio to the height of the dike^ 

Slack water prevailed behind the artificial rafts of drift at Osceola Nos. 1 and 3 and 
in Bullerton Chute, the latter due to the chute being a low- water chute, where alone 
a heavy current is induced by resistances in front of Bullerton Tow-head at low water. 

Our experience in the early winter had warned us that improvement in our standard 
of dikes would be advisable in three particulars : 

1. That with deep water and excessive width of dike it would be advisable t6 use 
more than three rows of piling, for where the distance apart of the pile rows was 
greater than 25 feet the braces were greatly weakened by their own weight. 

2. That the former fastenings by dnft-bolts and wire were exceedingly uncertain, 
the drift-bolts splitting the piles, and the wire wrappings being often loose and of 
unequal tension, when a dike was subject to great shaking of the piles, as at No. 5, 
Gold Dust. This might cause failure even under moderate pressures. 

It has therefore been our practice during the past season to use no drift-bolts, and 
to bind every intersection of dike with short cables, 15 to 20 feet long, made of 16 
strands of No. 12 wire or its equivalent. These are drawn tight with a winch, securely 
lashed, and renders these joints by far the strongest portion of the dike. 

3. The tipped mattress is made upon piles slung within the dike and either hung 
from the center row with two cables running to top of front pile or lashed to center 
piles, and with cables to front row. This lessens the danger of breaking of the sup- 
ports of mattress, brings the strain upon the dike in a manner deemed most beneficial, 
and free motion is allowed the lower end to follow any scour that may occur. Fig. 
1, Plate VIII, is a plan, elevation^ and section of this dike, showing how the width, 
number of rows, and number of piles in clusters vary with varying depths, also dif- 
ference in bracing and tipped mattress in shallow and deep water. As the water 
fell, trouble was experienced with the revetment on Bullerton Tow-head, on which 
portions would slide down, carrying brush and stone with it. This was due mostly 
to seepage from lakes in the interior, the drainage of which afforded but partial re- 
lief. This action threatens to be a very serious one, and experiments have been in 
progress during the summer, details of which may be found in Assistant Nolty's re- 
port, with the object of draining the banks. Our results, however, do not promise 
much, unless the impervious clay layer existing in nearly all banks along which the 
water flows, and from which the seepage caving commences, unless the layer is above 
low water, when drainage, such as Fig. 2, will probably be effective. When the layer 
is below low water two different methods are in progress of trial : 

First (Fig. 3), a heavy mattress or retaining wall is Duilt and sunk at the foot of the 
bank and heavily loaded with stone. 

Second (Fig. 4), clusters of piles are driven 5 feet apart along the bank, which pierce 
to the hard strata below ; inside of this fascines of brush and drift are piled till the 
space is filled. 
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Both of these methods aim to allow the water to pass through, while the material 
is held back and a resistance offered to the sliding of the bank. 

It is not deemed necessary to prepare the entire bend in this manner, but only those 
spots where this action has taken place, it being believed that there exist fines of 
subdrainage along which the bans waters will always flow, and hence that the 
points of attack are local and determined by pockets, previous actions and dipping of 
the strata. 

Upon the subsidence of the high water it was seen that our work had not only 
suffered very little, but that heavy fills were formed behind all our dikes. At 
Gold Dust, behind the higher portions of the main dike, the fill, varying from 12 to 15 
feet, reached the top of the pilinff, and parts of the cross-dikes were buried On the 
lower portion nearer the chute cnannel the dike was clogged with drift, and the fill, 
though continuous, was not so high. Recent surveys show that the curves of low 
water this year have drawn together, giving a total fall in this chute of 3,000,000 
cubic yards. 

The action of the tipped mattress showed very markedly that their lower edge 
follows quickly any scour at that point, while the eddying behind is much reduce£ 

During high water there was one break of about 400 feet in the main dike, caused 
by a local obstruction which destroyed some of the fill in the higher part of the bar, 
and many piles alone the front row of the main dike had been broken by drift, which 
had here done considerable damage. 

At Station No. 3 the fill behind Osceola No. 1 reaches to the top of the dike, and 
leaves but a small chute next to the Arkansas shore, which is closed at about the 13- 
foot stage. 

All except this little chute is now covered with a thick growth of small willows, 
and the chute may be considered permanently closed. 

At Osceola No. 3 a vast accumulation of drif c lies before the dike, and fills, varying 
from 10 to 25 feet, have taken place behind it, and a general fill of 6 to 8 feet in firont, 
the mattress on the inside of the bar being buried and the upper bar tailed down to 
the dike. This chute is now dry at about the 12-foot stage of the river. 

The mattress on the front of Osceola Bar, though without shore protection, stood 
well, but a small portion of the head of the island having caved away, makes a sab- 
mattress necessary before the revetment can be finished. 

BuUerton main and cross-dikes No. 1 had large fills back of them, that behind the 
latter now bearing a crop of low willow. Thus the former channel of the river would 
have been closed at low water had not the current later in the season broken through 
Just at the foot of Osceola Bar, rendering the construction of Osceola Crosa-dike No. 
4 necessary. 

This will, however, be mentioned later on. The fill behind the Plum Point system 
of dikes, as far as constructed, was as high as 25 feet, except at the opening in the 
main dike, where it was only small. The height of the deposit was almost in direct 
ratio to the height of the dike, while the tipped mattress at low water lay on the fall 
of the deposit as a revetment, and is growing in many places. When the water had 
fallen sufficiently work was commenced on the repairs and to finish the Oold Dust 
system of dikes (Station 1). 

This consisted in driving a new dike in the 400*foot break in the main dike, and in 
running another row of piling on the face of the dike for 4.475 feet, where it had been 
injured by drift, and in weighting with stone portions of old tipped mattress formerly 
sunk with sand-bags, which had proven most inefficient. 

When attempts were made to close the openings in the main and cross dikes it 
was evident that in the lower dikes the depth hSd so increased during the winter 
that work was nigh impossible, and our efforts had been confined to the closing and 
mattressiug of Cross-diKes Nos. 2, 1 B, 1 A, 1, and the main dike. 

The current was very severe at this point, and at ^our suggestion mattressiug pre- 
ceded the pile work. This was accomplished by driving clusters, from 15 to 25 feet 
apart, some distance above the dike from which the mattress is built, either continu- 
ously or in sections of 100 feet or more down-stream, with cables running to the foot 
of the clusters (Fig. 5). This method has proved very successful, and has been used 
on most of our channel dikes this season. 

At this date all main and cross dikes, Nos. 1 and la openings, are closed, and the 
work will undoubtedly be finished by the end of the season. At Station 2, Fletcher's 
Bend had caved badly during the winter, and the falling trees had left a mass of snags 
in some places 100 feet wide, and matted into a jagged mass that, until removed, ren- 
dered mattress work impossible. The snag-boat John R. Meigs was borrowed from 
the Memphis Reach, and from the 19th of May to 17th of July ^e did good work, but 
was finally obliged to abandon quite a stretch of bank, not being powerful enough to 
handle the snags encountered. We have therefore left this portion, but have con- 
structed above it 3,181 feet of mattress 175 feet wide, requiring .59 cords of brush and 
.66 cubic yards of stone to the 100 square feet, and below 1,75(1 feet with banks graded. 
We trust to have all finished before high water. 
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At Station No. 2 no work was necessary on Osceola Dikes Nos. 1, 2, and 3, and late 
in the section 1,337 feet of mattress was constructed on Lower Osceola Bar to connect 
the old mattress thoroughly with the banks graded ; all this will be bmshed and 
loaded this season. At the foot of this bar it has been mentioned that after the first 
fall in the river the water broke through the upper portion of the old main dike, and 
was cutting a channel through the deposit at the foot of the bar. To counteract this 
tendency Osceola Dike No. 4 was commenced May 12, 1884, and runs from the main 
dike to the Arkansas shore just above range 48^. Except near the Arkansas shore 
most of this dike is driven on the bar and has been matressed. From a portion of it 
we were driven out by a falling river, and must wait for the fall rise to nnish it. In 
the channel near the Arkansas shore the water was rapid and deep, 50 feet in one 
place, and this portion of the dike was driven under considerable disadvantage with 
five rows of piling ; since then it has collected a large amount of drift. The current 
has materially slackened, and a deposit of from 15 to 20 feet has been found during 
low water. In Bullerton Chute the completion of Cross-dike No. 1 and the construc- 
tion of No. 2 will be finished before the close of the season. With both these dikes 
mattressing preceded the pile work, which varies from 3 to 4 rows, according to the 
depth. No. 2 will be tipped-mattressed its entire length. 

At Station No. 4, Plum Point system of dikes, work was started early in the spring 
before the water had fallen, and has been in progress throughout the season. 

Cross-dikes Nos. 2. 3, 4, 5, and 6, and part of the main dike, nave been finished, all of 
which, except No. 6, will be tipped-mattressed, and are of the strongest dimensions. 
Their effect has already been beneficial, turning the water out of the Yankee Bar 
Chute. They have undoubtedly contributed materially to the maintenance of a steam- 
boat channel during the low-water season. 

The work done at this point has amounted to 12,057 feet of pile dike, 470,425 square 
feet of foot mattress (grillage), and 255,730 square feet of tipped mattress. The con- 
ditions for maintaining good steamboat water at Bullerton this season have been most 
unfavorable, the water being divided between a channel around Osceola Bar and 
through Osceola Cross-dike No. 4, one through Bullerton main dike and chute, one 
crossing to the head of Bullerton and along the outside shore, one by a channel through 
an extension of Yankee Bar, and by another channel along the face of Yankee Bar. 
The first and last of these were obstructed by Osceola No, 4 and Plum Point dikes, 
while the steamboat water changed from crossing over to head of Bullerton to the 
fourth or bar channel, and then back again, giving at present plenty of water and a 
straight passage. Station No. 5, or t^e {protection of Craighead Point, was not com- 
menced until somewhat late, when the cutting away through the bar in front of Yan- 
kee Bar impinged the current directly against the bank. 

One section of mattress 150 feet wide Tias been placed at this point, but a second 
section, though built extra strong, broke 14 lines — 1^ and 2 inches diameter — and tore 
itself loose. The current at this point being very swift another section of mattress, 
trith grading and protection of bank, yet remains to be built. I may add that the 
supply of pi^ and brush, though not always in quantities as large as might have been 
desired, has been much better than in years previous, and the establishment of the 
rock depot at Gold Dust has been of very mat«rial aid. 

The working plant in use consisted of 37 pile-drivers, 15 quarter-boats, 10 mattress- 
boats, 2 graders, 2 derrick-boats, and 53 barges. 

Details of the operations at different stations will be found in the reports o( the sev- 
eral assistants, to whose energy and devotion to their work most of our success is 
due. 

Respectfully submitted by 

ARTHUR J. FRITH, 
United States As^tant Engineer, 

Gapt. John G. D. Knight, 

Corps of EngimeerSj U, 8, A, 



F2. 

RXFORT OF QSOROB W. OBUDBR, ASSISTANT RNOINBBR, UPON OPBRATIONS OF OOLO 

DUST, TBNNB8SBB. 

Gold Dust, Tbnn., October 1, 1884. 

Sir : I have the honor to submit the following report on the progress of the work 
at Gold Dust from November 1, 1883, to October 1, 1884 (Appendix F 3 and Plate IX) : 
A history of this work to November 1, 1883, was given in my last report. 
Its location is shown upon accompanying sketch (Plate IX). Work at this locality 
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was in progress coutinaonsly from November 1, 1883, until the season was closed by 
the bign stage of the river ; resumed June 17, and continued to the time of this writ- 
ing. It is thought that the Oold Dust dikes will be completed before the coming 
hiffh water can interfere with construction. 

Advantage was taken of the low water of 1^83, and the pile work of the main dike 
pushed vigorously, completing the dike, with the exception of an opening of 300 feet 
m length, which had to be leu to enable the boats to reach the parties at work on the 
lower cross dikes, before November 1, 1883. 

The foot-mat party, with the available plant, was unable to keep up to the pile 
work, and the high water arrived before the foot-mat in front of the dike could be 
completed. 

The pillage mat between the piling was placed for the entire length of the dike. 
The following mats were constructed before operations had to be suspended on account 
of high water. The 100-foot tipped foot-mat was continued for 305 linear feet. It 
was found by inspection after tne high water went down that the pressure was too 
great for the supports of this mat, and either broke the riders of the dike or the piles by 
which the down-stream edge of the mat was held at the level of the riders of the dike. 
The tipped grillage of which 1,884.1 squares were constructed, had the same weakness. 
Where tipped griiiage or foot-mat remained in their original position, they were a de- 
cided success, causing large deposits to form immediately under them. 

Wattling previously commenced was completed to top of piles for 700 linear feet = 82.7 
squares. It was deemed advisable to place a foot-mat, 50 feet wide, directly in front 
of the main dike, between Cross-dikes Nos. 3 and 4, to prevent any parallel scour, and 
775 linear feet, equal to 387.5 squares, were placed, when high water prevented further 
operations. A portion of this mat was constructed on the dr}' bar, and where it was 
possible the mat was wired to the tipped grillage. Later events proved the wisdom 
of this step ; for during the high water a scour parallel to the dike took place deep 
enough to wash out some of the piles at the lower end of the dike, where the foot mat 
could not be completed. At the Tennessee end of the main dike 68.8 squares of bank 
protection were constructed and loaded with rock. During the high stage of the river 
piles were driven through the bank protection and the main dike extended toward 
the Tennessee shore for 100 feet. 

This portion of the dike running up on high ground it was deemed sufficient to- 
build it of a siugle line of piles. 

The dike has had the desired effect of causing heavy deposits immediately in the 
rear of it, and but little damage was done to it by the protracted high water. 

After the high water went down, one breach of 400 feet was discovered just below 
Cross-dike No. 3. The damage by this portion giving way was entirely local. The 
current after passing through the opening soon lost its torce, and beyond scouring 
out a deep hole immediately behind the dike, did no harm. 

At this gap the difference of slope on the chute side, and the main river was so 

freat, caused by Cross-dike No. 3 just above it, and obstructions in front of the main 
ike just below the gap, as to render the current extremely rapid through this por- 
tion of the main dike, resulting in scouring under the mat deep enough to wash out 
the piles. A similar scour has taken place below Cross-dike No. 4 ; and to guard 
against like injury, the protecting mat of the main dike will have to be built es- 
pecially thick and wide, and well loaded with rock for some distance below each 
cross-dike. The pile work of the main dike should be strongest at a cross-dike, and 
decrease in strength to the next cross-dike below. Where the dike was high it 
was damaged more or less by heavy masses of drift resting on riders and braces, and 
crushing these by their weight after the water had fallen. That portion of the dike 
driven to a 15-foot stage remained almost intact. 

The bar which formed immediately behind the main dike, between Cross-dikes Nos. 
3 and 4, is almost as high as the dike for the entire distance. The crest of the bar is 
30 feet above the level of the low water of 1879. From Cross-dike No. 3 to the open- 
ing left for passing material the fill gradually decreases and is nothing at the down- 
stream end of the opening. At the Tennessee end of the main dike the material has been 
deposited as high as the main shore, and a level bar almost as high as the dike ex- 
tends to the up-stream end of the opening. During the higher stages of the river a 
fill took place below the opening, but the river falling below a 15-foot stage, almost 
all the water passing down Elmot chute rushed through this opening with great 
rapidity, scouring to a depth of 20 feet before it could be protected by a foot-mat. 

The crest of the bar in front of the main dike within the space allotted to the chan- 
nel was lowered from 10 to 12 feet during high water. 

On June 17, after the high water had passed, pile drivers resumed operations, and 
immediately commenced closing the breach in the main dike, below Cross-dike No. 
3. They barely succeeded in closing the second and third rows, when it became 
necessary to withdraw them from the opening, the water shoaling so rapidly* 
Pile-drivers then commenced repairing the damaged riders and braces of the high 
portion of the main dike. It having been discovered that the front row of this portion 
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of the dike, where it had not been protected by a foot-mat directly in front of it, had 
been almost washed out by the sconr parallel to the dike, it was deemed advisable 
to drive a new front row with piles spaced 5 feet between clnsters, this spacing being 
employed to prevent, if possible, the breaking down of riders and braces by the heavy 
drift. After completing 4,475 linear feet, the pile-drivers were transferred to the 
cross-dikes. 

On August 1, the foot-mat party returned to Gold Dust, and commenced the con- 
struction of a foot-mat in the opening of the main dike left for passing material, 
which was scouring rapidly. The current was very swift, and to be able to sink 
the mat successfully every precaution had to be taken in its construction. While 
being constructed the mat was held in place by wire cables fastened to clusters, which 
were driven on a liue about 75 feet above the line of the dike. The clusters were 
driven 20 feet apart, and consisted of three piles, each pile having a cable fastened 
to it at the bottom of the river. To prevent the swaying and working out of clus- 
ters the piles of each cluster were driven some distance apart, drawn together at the 
top, and firmly lashed with No. 8 wire. The mattress boat was placed at right angles 
to the Tine of the clusters and the cables fastened to the mat while it was being fabri- 
cated. Four men were able to fasten these well, as fast as the mat was constructed. 
In the swift current the cables leading to the bottom of clusters would have a tend- 
ency to pull the mat under water as soon as it was launched from the mattress-boat ; 
to prevent this wire cables were fastened to the top of clusters and kept short enough 
to prevent a strain on the lower cables. While sinking the mat the top cables were 
cut some distance in advance of the rock barge. The mat was sunk at right angles 
to the current, damming up the least possible amount of water. At the cross-dikes 
mats over 600 feet long have been sunk with little difficulty. In the opening of the 
main dike 468.5 squares of foot-mat were placed. 

Before the November rise arrived all the cross-dikes had been completed with the 
exception of an opening left for passing material. Had the low water lasted as long 
as that of the preceding year all openings would have been closed. The water, find- 
ing a straight channel through these openings, rushed through them with great ve- 
locity, and the heavy masses of drift striking the ends of the dike damaged them to 
such an extent that the new dikes had to be driven below the old ones, overlapping 
these as far as it was deemed necessary. Completing the cross-dikes was very slow 
work. Steamers could not bring the material to be expended down Elmot chute on 
account of snags and sand-bars, and nearly all the material had to be towed by hand 
from a distance. 

The moving of barges and material from one point to another forms a large item 
in this work. At Cross-dike No. 1 advantage was taken of the rise, during the latter 

Sart of November, to connect the Tennessee end with the main shore. Ninety feet of 
ike of two rows were constructed, completing the dike with the exception of an open- 
ing left for passing material. This dike was driven to a 15-foot stage, and during the 
last high water almost all of it was completely covered with sand. 
^ The construction of the Tennessee end of Cross-dike No. la was pushed at the same 
time Cross-dike No. 1 was building, completing 125 linear feet of dike of three rows. 

Between the second and third rows 190 squares of tipx)ed grillage were placed. The 
high stage of the river prevented the construction of grillage mat between the first 
and second rows. During high water the north end of this dike was slightly dam- 
aged by drift. 

Where the tipped grillage remained in its original position the fill is nearly as high 
as the dike and extends to Cross-dike No. 1^ At the junction of this dike with the 
main dike, 150 linear feet of dike of two rows were constructed during September. A 
foot-mat 100 feet wide and 542 feet long = 542 squares, has been sunk across the entire 
opening, and 38.5 squares of grillage constructed at the north end of the dike. Opera- 
tions were continued at Cross-dike No. 1^, and before they had to be suspended on ac> 
count of high water, 206 feet of dike were constructed at the south, and 528 feet at 
the north end. A good fill took place below this dike during high water. A bar hav- 
ing formed between the north end of this cross-dike and the main dike, it was deemed 
impracticable to continue it northward. A foot-mat 100 feet wide and 635 feet long 
was sunk across the opening, and 620 feet of dike of three rows driven through it, 
completing the pile- work of this dike. That portion of the dike driven before high 
water has since been protected by 188.95 squares of grillage. 

To prevent any scour between the Tennessee shore and the end of Cross-dikes Nos. 
2, 3, and 4, a mattress from 50 to 100 feet wide and 325 feet long was sunk, the perpen- 
dicular caving bank graded, and the bank protection carried to the top of the bank. 
These protections have served to prevent any caving, and the willows of the bank 
protection are growing nicely. 

At the Tennessee end of Cross-dike No. 2, 267.5 squares of mattress and 195 
squares of bank protection were placed. The bank was graded for 325 linear feet = 
2,599 cubic yards. At the bar end of this dike 591 feet of dike of two rows and 233 
feet of three rows were completed before operations had to be suspended on account 
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of high water. A grillage mat was oommenoed at the north end of the opening, bnt 
only SM) squares coSd be oonipleted before the riders of the dike were submerged. 

This diKe shows good results by the shoaling of the water behind it and the eh- 
larsement of the bar. 

Durinff the month of August a foot-mat 100 feet wide, 763 feet long, was sunk aoross 
the opening, and the old dike protected by 268.52 squares of grillage. A dike of three 
rows 668 feet long has been driven across the opening, completing the dike. 
' The shore protection for Gross-dike No. 3 was completed to the top of the bank, con- 
structing 270 squares of bank protection. On the bar side of the deep channel a 
tipped foot-mat was commenced, but only 153 squares could be completed before the 
dise was submerged. At the bar end 55 squares of grillage were constructed, com- 
pleting the grillage for this dike, with the exception of a section about 90 feet long, 
which could not be placed before high water prevented its construction, and during 
the high water this portion of the dike was scoured out, causing the onlv breach. 

Drift damaged the end of the dike at the opening severely. A large nil has taken 
place above and below that portion of the dike between the breach and the main dike, 
but south of the gap hardly any fill can be noticed. In the channel near the Tennes- 
see shore a deep scour took place, which made the closing of openings in Cross-dikes 
Nos. 3, 4, and 5 impracticable. During the month of August 170 squares of foot-mat 
were constructed below Cross-dike No. 3 before orders were received from you to sus- 
pend operations, it being impossible to obtain piles of sufficient length and in suffi- 
cient quantities to close the opening. At Cross-dike No. 4, 135 squares of bank pro- 
tection were constructed, completing the shore protection ; and on the bar side of the 
channel 242.5 squares of tipped foot-mat were constructed before operations had to be 
suspended. 

The grillage mat was completed for the entire length of the dike, constru'^ting 350 
squares, commencing at the main dike, 2,250 feet =1,012.5 squares of tipped grillage, 
were placed on the up-stream side of the dike. 

The grillage mats at Cross-dikes Nos. 4 and 5 and at the main dike between Cross- 
dikes Nos. 3 and 4 were constructed on the dry bar, the necessary brush being sup- 
plied from the head of Elmot Bar. 

To save the transportation of rock across the bar tarred sacks filled with sand were 
substituted. During high water the sand was washed out of the sacks by reason of 
their loose texture, allowing the swift current to scour under the mat deep enough to 
wash out the piles. The tipped grillage in front of the north end of the dike was a 
decided success, it having been completely covered with sand during high water. 

The tipped grillage in ft'ont of the bar end of Cross-dike No. 5 was continued for 
660 feet=330 squares, aud at the Tennessee end 45 squares were constructed before 
operations had to be suspended. Wattling was placed on piles above the tipped 
grillaee for 90 feet, equal to 8.1 squares. The cause of this dike and Cross-cuke 
No. 4 being damaged to such an extent is most likely to be traced to weakness in con- 
struction, the bar end of both dikes having been driven before the standard dike was 
introduced ; all other dikes being incomplete, Cross-dike No. 5 was overstrained. 

The water was dammed to a height of from 14 to 18 inches at the first line of piling. 
Not being able to withstand this excessive strain, the braces, which were 40 feet long, 
equal to the depth of water in the channel, gave way. To prevent like injury shorter 
braces are used, the necessary width of dike being obtained by increasing the number 
of rows of piling. The rocking motion which was observed at the widest portions of 
Cross-dikes Nos. 4 and 5 will be diminished by using shorter braces. Although Cross- 
dike No. 5 was severely damaged during the high water, a large and high bar was de- 
posited below it: and where the tipped grillage remained uninjured the crest of the bar 
is 25 feet above low water of 1879. The curve of low water represented on sketch by 
dotted lines, from April survey, closes below this dike, a deposit of 12 feet having 
taken place since October, 1883. 

Work constructed since November 1, 1883, is represented on sketch by dotted lines. 
Very respectfully, your obedient servant, 

GEO. W. GEUDEE, 
United States AaHatant Engineer. 

A. J. Frith, 

Assistant Engineer, 
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F 3. 

RBPORT OF WILUAM A. GOULD, ASSISTANT ENGINEER, UPON OPERATIONS OP THUS 
MATTRESS AND REVETMENT PARTY FROM FLETCHER'S FIELD TO ELMOT LANDING. 

Mill Batou, Ark., October 1, 1884. 

Sir : In pursuance of orders from you I have the honor to report the operations of 
the mattress and revetment party under my charge, subsistinff on Q. B. No. 12, since 
the beginning of this season's work in May (Appendix F 2 and Plate X.) 

The work has been confined to the protection of the river bank below low water 
from caving. The location of the works is on the Arkansas shore, beginning at a 
point below Mill Bayou called Fletcher's Field, and the work contemplated extend- 
ing to Elmot Landing, a distance of 3 miles of concave bank. Work was began on 
May 26 just below Elmot Landing, 400 feet above Range ^'37 A," by building and 
sinking a woven willow mat, of 78 feet in width and 800 feet in lensth, where the bank 
had been attacked by underground seepage, and extensive caving nad been operating 
for several weeks on & bank some 20 feet high. This caving was apparently arrested 
from extending further down river by a collection of heavy willow stumps, which 
still retain the top of the bank. This mattress was built on mattress barge and 
launched off in successive lengths until 804 running feet were completed. Part of the 
brush was very old, being a remnant of brush on hand at the close of last season's 
work ; the poles were large and heavy cotton wood. Two wire cables, i inch, were 
used on the head and four in the body of the mat, to retain it in position while build- 
ing, and about 15 per cent, of them expended in sinking. One hundred and twenty- 
five and nine-tenths cords of new brush, 24 cords of new poles, 37 coils of wire, and 
566 cubic yards of stone were expended in constructing and sinking. The mat con- 
tained 627 squares, and the cost, including labor, cooks, and waiters, was (389.33. 
Work began on May 26, and completed June 2, being seven days. 

On the 11th day of September hydraulic Grader No. 2 began operations at this point. 
The strata of the bank for the 6 feet next above the water were composed of sand, 
which in many cases, where the toe of the slope was protected by the upper edge of 
the sunken foot-mat, maintained its position and retained its proper slope, whi& in 
some portions of the grade large cavities were formed, which will require dressing 
with shovels. 

The operations of the grader covered a period of 7^ days, all machinery working in 
perfect order. Seven hundred and fifty teet of bank was graded fh)m September 11 
to 18, being 7-J days. 

The working force consists of foreman, 2 engineers, 2 firemen, 7 men at the discharge, 
1 linesman, 1 deck hand, 1 cook, 1 waiter, and 1 night-watchman ; total, 17. Tne 
cost of this grade for labor was (213.33. The cost of grading per yard was 2 cents. 

The extension of the Gold Dust main dike last season to protect the head of Elmot 
Tow-head, thereby turning the flow of the water from the Tennessee shore, rendered 
necessary the protecting of the opposite bank of the river on the Arkansas shore by 
foot-mat and revetment, &c. 

On the 3d day of June the plant under my charge was towed up river to a point 
near Mill Bayou, on the Arkansas shore, 540 feet above Range *'31 A.'' A foot-mat 
ordered to be constructed 175 feet in width. It was deemed impracticable to con- 
struct and maintain the head of this mat at full width. A boom 90 feet lon^ was con- 
structed to form a head-piece, and at each launch the width of the mat was increased, 
until in 200 feet the full width of the 175 feet was obtained, and afterwards main- 
tained. This increased width was at first obtained by covering more " way poles " on 
the barge at each launch, but this left square recesses in the sloping edge of the mat, 
which were imperfect in construction, and served to accumulate and retain floating 
drift, and a change was made, making the outer pole continuous and maintaining the 
proper slope, the widening poles uniting where their position was intersected by the 
outer pole. 

Some of the head cables were passed under the boom and made fast in the mat some 
40 feet in rear to prevent the head of the mat from ''diving" as any strain on the 
cables tended to raise the boom out of water by the cable trying to maintain a uni- 
form degree of elevation. Five wire cables were used longitudinally, the outer edge 
of the mat being strengthened the most. This mat was built 2,010 feet long and 175 
feet wide=;:3,426 squares. The material used in its construction was 1,741.41 cords of 
brush, 198.70 cords of poles, 91f coils of wire, and the cost of building this 2,010 feet 
was |1,751.9L 

On June 30, the water being 58 feet deep on the outer edge, some 1,500 feet of this 
mat was sunk, with l,369i cubic yards of stone, the remainder during the night sunk 
by the force of the current, and being attached to the mat-barge at the lower end it 
tore loose just where the mat was ballasted to the river bottom, and was lost. 

On August 2 Grader No. 2 began work at the head of this mat, and worked until 
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Anjjrnst 16, beinjc 13 days. During this time 1,140 running feet of bank was graded and 
11,060 cubic yaids of earth were removed, at a cost of about 2 cents per yard; 1,019 
feet of revetment was placed (average width 87 feet) on this graded slope, and bal- 
lasted with stone for the first 10 feet above the water ; that is, from 5 to 12 feet on the 
gauge, the remainder being left for higher water. The subsequent falling of the river 
showed that cavities under the inner edge of the foot-mat were completely filled, by 
the action of the grader. 

On July 1, while waiting for stone to sink Mat No. 1, a second was begun about a 
mile down river, immediately below the larflre drift rack, 750 feet above ran^e '' 34 A.'' 
This mat was of similar construction to Mat No. 1. It was started 120 feet wide on the 
head and widened, to 175 feet. This mat was 1,750 feet long, and contained 3,358.70 
squares ; was constructed of 1,417.75 cords of brush, 149^ cords of poles, 86^ coils of 
wire, and the labor expense due to the mat was $2,043.86. It was sunk down-stream 
in 70 feet of water by using 1,757^ yards of stoue. On the 18th of August the grsbder 
began work here, and removed 2*<2,198 yards of earth, at a cost of 2.3 cents per yard, 
leaving a slope of 3 to 1. 

This bank had been caving and leaving several large pockets, which were increased 
in size by the grader. In three of the pockets three thick submats were constructed, 
covering the sunken ground, and being only secured at their upper edge, the remain- 
ing portion bein^ well ballasted, was £ee to sink and follow down any future caving 
beneath them, while the revetment mat proper was built continuous above vhem with- 
out connection. These mats were about 70 feet wide and about 150 feet long ; they con- 
tained 323 squares, 180 cords of brush, 63 cords of poles, and 240 yards of stone. The 
^aded slope at this mat is being covered with revetment and will be completed dur- 
ing the month of October. 

On the 4th of August Mat No. 3 was begun 928 feet below range " 31 A,'' and was 
started to overlap 100 feet of the broken edge of Mat No. 1. Aprojectin^ir point of the 
bank rendered the starting of a mat here difficult work, owing to the force of the cur- 
rent. The first and second attempts at starting proved unsuccessful, owing to the 
breaking of the boom and the parting of head fines. Some 90 feet of mat was de- 
stroyed, and the mat boat required repairing. By mooring an empty coal-shell above 
the head of the mat, to check the force of the top current, and using short head lines 
to the boom, the third attempt was successful, and 1,713 running feet of mat 175 feet 
wide was completed ; its further extension was stopped by the half mile of drift rack 
in the river bed below. This mat contained 1,982 cords of brush, 210 cords of poles, 
111 coils of wire, and after remaining afloat for 30 days was successfully sunk on 
September 26, with 1,696 yards of stone, in 48 feet of water, or 42 feet below low- water 
line. The channel was only 150 feet from the shore, leaving the outer edge of the 
mat 3 feet higher than the center. 

A summary of the work to October 1 will show 4,931 running feet of wide foot-mat, 
also 800 feet of narrow mat, sunk for low- water protection ; 2,000 feet of revetment, 
partly loaded, and a reasonable prospect that the grader will prepare 2,000 feet of 
bank for revetment, and that all foot-mat sunk will nave its corresponding revetment 
built and ballasted before any serious rise of the river. An experiment was tried to 
drive a line of piles in front of a cavine bank, and by driving into the deep clay strata 
and walling on the shore side with willow fascines to check the caving, but the action 
of the caving was so rapid that before the piles could be secured some were scoured 
out for lack of a foot-mat, and the experiment was postponed. 

It has been difficult to work a full force at any time, owing to the uncertainty of 
material from the contractor, and the cost of the mat has been largely increased, 
thereby. 

Very respectfully, your obedient servant, 

WM. A. GOULD, 
United States Assistant Engineer. 

A. J. Frith, 

United States Assistant Engineer* 



F4. 

RBPOBT OF W. L. SSDDON, ASSISTANT ENOINEER, UPON OPERATIONS AT OSCEOLA 

UPPER AND LOWER BARS. 

Osceola Lower Bar, October 11, 1884. 

Sir : I have the honor to submit the following report on the progress and condition 
of the work at Osceola Upper and Lower Bars for the period from November 1, 1883, 
to October 1, 1884. Durine the period work at this point was entirely suspended from 
Januaiy 4 to June 15, and from June 25 to August 14. The work done has consisted 
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ID strenffthening Cross-dikes Nob. 1 and 2 with cable bracing, in repairing breaks in 
Cross-dike No. 3, and in continuing the protection of Osceola Lower Bar with mattress 
andrevetinent. 

Following the divisions of the work made in the report for 1883, I shall take each 
under consideration — first, as to work done, and second, as to condition and results. 

OSCEOLA ui»PBR DIKE. 

No work has been done on this dike, it having been abandoned on the commence- 
ment of Cross-dike No. 1, as stated in report for 1883. 

The partial destruction of the dike, which had taken place the previons year, was 
nearly completed by the high water of 1884, and there now remains standing only 
about 1,000 feet near the Arkansas shore. This result was to have been expected from 
the weakness of the structure, cited in the last report. As far as < an be ascertained, 
the 100- foot mattress, previously placed along the dike, remains in ^ood condition. 

In considering the results from this dike some difficulty is experienced, as a large 
portion of the fill which has taken place along its former line should be attributed to 
Cross-dike No. 1 ; though that behind the portion still standing has undoubtedly been 
increased by the action of this work. 

OSCEOLA CROSS-DIKB KO. 1. 

This dike was strengthened with wire cables, in November, 1883 ; since which time 
no further work has been done on it. 

The condition of the dike is good, and its action during the high water of 1884 was 
entirely satisfactory. The structure withstood the strains brought apon it by the large 
accumulation of drift, without any appreciable damage. In front of the dike, the 
drift, while it has decreased somewhat in area, a portion of it being freed by the break- 
ing of the lower end of the upper dike, has apparently increased in mass. So much of 
this drift is now partially imbedded in the bottom, and the whole mass is so closely 
packed together as to form a raft which would, I think, insure the closing of the 
chute, even if the dike were removed. The fill in front of the dike has been very 
marked, and the low- water shore-line now extends beyond the line of the upper dike, 
as shown in the accompanying sketch (Plate XII). Behind the dike the fill has been 
extremely large. At its lowest point the chute here is dry at a 10-foot stage of the 
river ; wnile for about two-thirds of the way across, the fill lacks only a few feet of 
bcilng as high as the adjacent tow-head, and is covered with a thick growth of young 
willows from 2 to 4 feet in height. 

One noticeable feature about this fill, is, that it is composed almost entirely of silt, 
which shows how completely the current has been checked by the action of the dike. 
This character of fill, extending as it does far down the chute, and even beyond Cross- 
dike No. 2, shows also, I think, the area over which the influence of Cross-dike No. 1 
extends, and should be attributed to it. Judged by the above condition and results 
Osceola Cross-dike No. 1 may certainly be considered as an eminently successful 
piece of work. 

OSCEOLA CROSS-DIKE NO. 2. 

This dike was also stren^hened with wire cables in November, 1883 ; which has been 
the only work done upon it within the period. 

But little change has taken place in the condition of the structure since last report. 
Neither the eastern nor western sections sustained any noticeable damage from 
the high water of 1884. The condition of the dike is therefore fair, though the west* 
em section has be^un to show signs of weakness, apparently more from the action of 
time upon the perishable material of which it is constructed, than from any other 
cause. A considerable fill has taken place behind this dike, beside that mentioned as 
properly attributable to Cross-dike No. 1 ; the results produced by this dike may there- 
fore be considered as fairly satisfactory. 

OSCEOLA MIDDLE DIKE. 

No work has been done here during the period. The condition of the dike is bad. 
As in the case of the upper dike, its^revions partial destruction was nearly completed 
by the high water of 1884. Breakage by drift and bottom scour have combined in 
producing this result. About 600 feet of dike, in a badly broken condition, still re- 
mains standing near the foot of the upper bar. Of the 100-foot mattress sunk along 
the front of this dike, nothing definite can be said ; bat judging by the scour which 
has taken place here it is most probable that at least a portion of it has gone out. 
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OSCBOLA CROB8-DIKB NO. 3. 

The work at this dike, with the exception of the addition of 3,418 square feet of wat* 
tling and the sinking of 300 linear feet of foot-mat, previonsly constructed, has con- 
sisted in the repairs of bi'eaks which have taken place in the structare. 

On the 14th of November the 200 feet of the dike, which consisted in a row of clus- 
ters with inclined braces, began to show signs of weakness, caused principal^ by 
bottom scour. Preparations were at once made for strengthening this portion of the 
dike, but before anything could be done the entire line of clusters gave way, and at 
the same time a break of 150 feet took place in the front line of the dike proper. 
The work of repairing this break was commenced on December 2. The repairs con- 
sisted in the strengthening of that portion of the dike where the front row was 
broken, with two rows of piling driven behind and connected with braces to the old 
dike, and in the driving at the gap of a V-8^&P®<1 connection of three-row dike, as 
shown in the sketch. These repairs necessitated the driving of 150 of two and 375 
feet of three row dike, all of which was completed by the 15th of December. As 
soon as the driving was completed the work of making a grillage foot-mat along this 
new portion was commenced ; 419 linear feet, equaling 20,705 square feet of this work, 
was made and sunk by January 4. On this date all further work had to be aban- 
doned on account of the high water, thus leaving about 100 feet of the dike in an un- 
protected coudition. 

An inspection of this work after the high water showed that at the eastern end 
the water had undermined the revetment, and that the bar had caved back some 50 
feet, while about 100 feet of the dike had also scoured out, making a total gap of 150 
feet at this end. It was also found that the drift had broken abont ItK) feet of the 
dike at the Arkansas end. The repairs of these two breaks were commenced on 
June 15 and completed by the 25th of the same month, 150 feet and 120 feet of the 
two-row dike being driven at the bar and Arkansas ends respectively. 

The condition of this dike is now good, and its action during the high water of 
1884 was very satisfactory, considering the nature of some of the older portions of the 
structure, for the only damage sustained was that of the two small breaks mentioned 
above, though the accumulation of drift in front of it was even larger than that at 
Cross-dike No. 1. This accumulation of drift now amounts to more than thirty 
acres, and is very closely packed together. The fill in front of the dike has beea 
large, while that behind it has been very marked. From its action and results Cross- 
dike No. 3 may therefore be also classed as a successful dike. 

OSCEOLA DIKES. 

Now considering these dikes together, as members of one system, the object of 
which is the closure of Osceola Chute, their action dnring the past year has been 
very satisfactory. A comparison of the fill and scour, which has taken place through 
the influence of these dikes, from November, 1883, to June, 1884, showed a very large 
excess of fill. Indeed, with the exception of a small area just behind the middle dike, 
there has been almost no scour, while the fill has varied from one to twenty feet in 
height. Therefore, viewed from this standpoint and by these results, the Osceola 
dikes may, as a whole, be considered as a successfal piece of work. 

OSCEOLA UPPER BAR. 

No work has been done at this point during the period. 

The condition of the mattress and revetment previously put in is only fair. The 
erosion of the bank at the lower end of the bar, where no revetment had been placed^ 
continues, and the water is gradually undermining the revetted portion above. As 
far as can be ascertained the shore-line of the lower half of the bar has moved back 
abont 100 feet during the period. 

OSCEOLA LOWER BAR. 

The work at this point from November 1 to December 26 was confined to the sinking 
of the section of mattress made prior to that time. The long delay in getting stone 
for this purpose, and the consequent accumulation of drift near the head and along 
the outer edge of the mattress, made this work very difficult and necessitated the 
stren^hening of the whole section. This strengthening was accomplished by the 
weaving of wire cables through and the wiring or longltadlnal poles on top of the 
mattress. After this had been done no further difficmty was experienced, and the 
section of 2,663 linear feet, equaling 406,600 square feet, was successfully sunk by De- 
cember 26. 



REPOBT OF THE MISSISSIPPI RIVER COMMISSION. 



225 



On Aneast 14 preparations were begun for resuming work at this place. An exam- 
ination snowed that the head of the bar for a distance of about 1,000 feet had cut back 
from the old mattress so far as to necessitate the putting in of a new section at this 
point. A 150-foot mattress foir this pnrpose was commenced at the head of the bar on 
August 18, and was carried down to the point at which the old mattress still joined 
the shove. This section, containing 1,337 linear feet, equaling 222,481 square feet, 
was completed and successfully sunk by September 17. 

On September 6 the grading of the bank for revetment was commenced. The work 
was done with shovels at those points where the grade was already appro:&imate and 
with hydraulic Grader No. 2 where the bank was steep. By October 1 the grading 
was completed &om the present head of the bar to thu end of the mattress thus far 
constructed, a distance of 3,056 feet. Of this amount 1,636 linear feet was graded 
with shovels and 1,420 linear feet with hydraulic grader. The minimum slope allowed 
has been 2^ to 1, which at places has been increatsed to 3i to 1. 

The grading has been followed up with the revetment as fast as material could be 
obtained for the purpose, and by October 1,972 linear feet, equaling 61,640 square feet, 
has been made. 

The condition of the mattress previously put in at this point is good, and that por- 
tion of it sunk during November, 1883, has served well as a partial protection to the 
bank. 

The above report, together with a sketch showing the present condition of the work 
and containing a table with full dimensions of all work done during the period, is 
(Appendix F and Plate XII) respectfully submitted by — 
Your obedient servant, 

W. L. SEDDON, 

Assistant Engineer, 

Mr. A. J. Frith, 

United States Assistant Engineer in charge. 



Work done from November 1, 1883, to October 1, 1884. 



Kind of work. 



Dike, 2 rows . . . 
Dike, 3 rows . . . 

Foot-mftt 

Foot-mat, sank. 

Wattling 

liattresB 

Mattress, sank 

Revetment 

Bank graded... 



Linear feet. Square feet. 



430 
376 
419 
619 



1,337 

4,000 

972 

3,056 



20,705 

83,305 

3,418 

222,481 

620, 081 

61,640 



Bemarke. 



Bepairs of Cross-dike No. 1. 

Do. 

Do. 
200 feet made previoasly. 
Cross-d. No. 3. 
Osceola lower bar. 
2,663 feet made previously. 
Osceola lower bar. 

Do. 



F6. 

RBPORT OF JAME8 It. RILBY, 8UPBR1NTBNDBKT, UPON OPERATIONS AT OSCEOLA CROSS- 
DIKE NO. 4. 



Gold Dust, Tenn., October 1, 1884. 

Sir : I have the honor to present the following report (Appendix F 5 and Plate XI), 
which concerns the building of Osceola Cross-dike No. 4, constructed during the term 
for which this report is made, November 1, 1883, to October 1, 1884. 

Work was begun May 12, 1884, and forces withdrawn August 5. Without, how- 
ever, completing the design, 400 feet of second row and 600 u)et third remain to be 
added to the first row. This can be done at 25-foot stage. Falling river did not 
allow the finishing of this portion, which is on the crest of the bar and midway of 
the line of dike. It may be as well to say the absence of these rows can in no way 
affect the integrity of the structure. They can b« thrown across so rapidly when the 
riTer rises as to cause no apprehension from not being in place. 

The line of this cross-dike for the most part is parallel to, and 100 feet above, Range 
48i; its length, 2,450 feet, inclosed at either extremity by Osceola-Bullerton main 
dike and the Arkansas shore. 

The object in placing this dike where located was the closure of Osceola Chute, and 
in this to deflect the body of water entering between the upper end of Osceola-Bul- 
lerton main dike and the foot of Osceola Bar, along the outside of the main dike. 

H. Ex. 64— ^ 15» 
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This result was to be expected from the action of other cross-dikes, built to attain 
similar results under almost identical conditions. Osceola Cross-dikes Nos. 1 and 3 
will occur to yon as fair examples. 

It was deemed necessary to conduct the work with the utmost celerity. Instruc- 
tions were to this effect. It was well known that the slope of the river toward the 
Arkansas shore, along this portion of the reach, increased rapidly, with decreasing 
stages of the river. 

The bar to be protected from erosion extended westerly from the main dike, three- 
fourths of the length of the dike to be built. Its height varied from to 20 feet above 
low water of 1^79. The material was fine sand, left oy the high water just passing. 
This would be easily swept away if not protected, giving the river full sway, in an 
old channel, and so on down through Bullerton Chute. What will be referred to as 
channel, from the bar inward to Arkansas shore, will be contra to what is termed bar. 
Already this channel had a width of 600 and depth of 30 feet, 4 feet below low water 
of 1879 ; gauge reading. May 12, 26 feet. The current was developing. The water 
impinging on the Arkansas shore, at an angle of 45^, caused the bank to out rapidly 
from range 48^ to range 49. 

Soundings revealed scours in excess of the fall in the river, and continued ; the 
gauge marked 13 feet on June the 6th. About this time the 10-foot curve connected 
through the chute. From June 6 to 20 a rise of 4.50 feet was noted. Then an almost 
steady fall until the end of July of 6 feet, and, with the exception of a few oscillations, 
continued until latter part of September, when the gauge was 3.15 feet, the lowest read- 
ing. Instructions were received May 10 fnom you to construct what is known as the 
standard dike, to be builtto high-water mark. This was done in all essential features. 
At times when exigencies arose the type would be departed from, and at your in- 
stance changes would be made looking to the further strengthening of the dike, 
principally by the use of more timber and wire cables. The mattress work did not 
follow so closely the method proposed, in that flat grillage was substituted for tipped 
grillage, no piles being used. What has been termed swinging mattresses were directed 
to be sunk previous to driving the dike across the channel. The dike as built is as fol- 
lows: Across the bar from the main dike 1,C00 feet, except part mentioned as incom- 
plete, consists of three rows, placed 20 feet apart, of single piles, bents spaced 12 feet. 
For tne remainder, 850 feet, the number of rows increased with the depth of water, 
the maximum being six rows, 100 feet width of dike in 50 feet of water. 

Nothing arbitrary can be said as to the number of piles used in clusters of the dif- 
ferent rows ; but say from two to six piles, without reference as to the line occupied. 
About 200 feet from the Arkansas shore the line of the dike was advanced 100 feet, so 
that the rear line joins the front line and connects at an angle with the line as origi- 
nally, 500 feet distant, near the bar. 

Before the dike was driven eight swinging mattresses were sunk across the channel. 
These were held in position by mooring clusters while being placed on the bottom. 
These mattresses were of varying size, 110 by 30 feet to 110 by 85 feet, overlapping 15 
feet. The down-stream side, when in position, was just below the front line of the 
dike, so that the grillage mattress afterward sunk rested on top. 

Grillage mattresses extend the length of the dike, heavily loaded with rock. The 
width changes — least, 50 feet ; greatest, 125 feet. An examination of this cross-dike 
was made a few days ago at your request, you accompanying the party in the sound- 
ing skiff. 

It was found the drift extended almost to the foot of Osceola Bar. The dike showed 
no signs of weakening. Soundings in between the rows of the dike, across the chan- 
nel, show a fill in some places of over 20 feet ; in no place less than 5 feet. Behind 
the dike, 100 feet, the fill was shown to be 15 feet. No scour or tendency could be 
discovered. These comparisons are made between the greatest depths found in July, 
and represent the action of the dike during two months. During inspection the max- 
imum depth found was 31 feet, 200 feet out from the Arkansas shore. This place during 
construction proved more troublesome than any other, registering then 50 feet. 

Reducing soundings, the fill at this point is about 6 feet. Below the dike 100 feet, 
in July 43 feet, in September 17 feet, were the greatest depths, indicating a fill of 13 
feet. 

Before finally submitting my report some details as to construction will be given. 
The first trial of swinging mattresses was had at this dike. While experience has 
since shown the full benefit of the scheme was not derived, their absence would have 
been severely felt. Had it been feasible to have built them of such a width that all 
the rows of the dike could have been driven through, the perfection of the idea, greater 
security, would have been had in closing the opening. 

The method adopted to place the sills was to drive clusters, 3 to 8 piles, 100 feet 
above the dike ; spaces between clusters varying from 15 to 75 feet ; number of piles 
in clusters and number of feet spacing increased with the depth of water and velocity 
of current, or as midchannel was approached. 

The flow of the current being from 9 to 10 miles per hour, estimated, and depth of 
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water 38 feet, with drift in large quantities entering above, mnst account for peculiar 
disposition of clusters. Trial was made to drive tbese at uniform distances, so that 
they not only would be useful in manipulating the mattress boats and pile-drivers, 
but serve as a drift-row. The change to wider spaces was because as a temporary driffe- 
row they were too great a success, holding the mass a day or so, then giving way, 
letting the collected wrack-heap down in body upon the works below. 

To hold the pile-driver in place, a 2-inch (diameter) line was run from a clump of 
piles on the inside of the foot of Osceola Bar, distant about 1,800 feet. With the aid 
of bow anchor on oue side and lines to the Arkansas shore, the driver was held reason- 
ably steady. Easily movable ballast was provided in shape of coils of wire. Some 
clusters were redriven eight times. Two 100-feet mattress boats were provided. It 
was thought by using both at the same time, end to end, a mattress over 200 feet long 
could be made, thus gaining time. 

The plan followed was to construct a launch on the boats while at shore, in readi- 
ness to be moved to the line, which was always done in the morning. After getting 
into position behind the clusters, ways pointing up-stream, cables, which had been 
fastened to the piles when driven, whose one end was attached firmly to the pile near 
the bottom of the river, the other spiked to the top of the pile, were taken off and 
passed through the mattress. When all was secure a launch made, and as many more 
as possible during the day. In no case was it thought best to leave a mattress afloat 
during the night, nor was it done. In every instance the sections were sunk the 
same day that they were made. Mattress boat taken to the bank, out of the way 
of the drift, sinking commenced on the lower inside comer, a partially loaded 
barge of stone placed over this corner. Enough stone was thrown on the mattress 
to allow the barge to float over it. By repassing aU was loaded evenly. Marline at- 
tached to different parts of the mattress determined its position at any time. The 
endeavor was to force the mattress to remain horizontal in going down, to present no 
folds until near the bottom, then suddenly sink it to its place. This plan worked 
well. But one section swerved from its position, and this one because the outer clus- 
ter of piles pulled out, but being nearly down was quickly sunk without loss, the re- 
maining cluster holding one-half of it without breaking the mattress. In driving 
piles pile-driver No. 14, 36 feet leads, frequently handled piles over 80 feet long. She 
being of lighter draught than those with 46 feet leads, was always placed in swiftest 
water. The penetration of piles was never less than 20 feet in the channel portion 
of the dike ; were driven without being sharpened. 

The mattress party followed the drivers closely, sometimes making grillage mat- 
tress by hanging to second row while rear rows were being driven, then connecting 
through or sinking at once if needed, afterward lapping through with another mat- 
tress. 

The losses met with were all on account of the lodgment of drift and rafts upon unfin- 
ished work. What would equal 400 feet of 3-row dike was carried away during con- 
struction ; also a section of foot mattress 225 by 110 feet. This is about the total of 
mishaps, but occurring at different times set the work back greatly. 

Delays were frequent, from unavoidable causes. 

Respectfully submitted. 

JAMES M. RILEY, 
United States Superintendent. 

A. J. Fkith, 

United States Assistant Engineer, 



F 6. 

REPORT OP AUG. J. NOLTY, SUPERINl'ENDKNT, UPON OPERATIONS AT BULLERTON TOW- 
HEAD AND OSCEOLA-BULLERTON CHUTE. 

Sir : I have the honor to herewith submit my report of operations at Bullerton Tow- 
head and in Osceola-BuUerton Chute for the period included between November 1, 
1883, and September 30, 1884. 

On November 1, 1883, there remained to be constructed at Bullerton Tow-head 500 
feet of foot mattress, 2,700 feet of bank revetment, 600 feet of bank to be graded, and 
a large amount of bank revetment to be loaded with stone. 

The amount of foot mattress to be made had to be augmented by 700 linear feet of 
60 feet wide, as the river had risen so much that proper connection between low- water 
bank protection already sunk, and high- water bank protection yet to be constructed 
could not be^made. Hence, this narrow mattress, which should be really considered 
as so much bank revetment, was constructed and sunk inside of main foot mattress. 
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Ac tbis time both the supply of brush and of stone was very scanty, and it was deter- 
mined to only tinish the nigh- water bank (irotection half way np tne bank, leaving an 
upper zone liO feet wid« entirely nniirotected. 

However, before the water bad risen high enough to greatly interfere with the work 
there was an increase in the supply of material and the work was completed. The 
loading of revetment could not be entirely tiuished owing tx> the rapid rise in the river, 
and ihe stone was dumped in piles on the work, the Intention beingtbatas the water 
fell it would be more evenly distributed. • 

In the eurly part of January the river began rising rapidly, with much ice running. 
As the work on Bullerton Tow-head was completed as far as could be done, orders 
were received from headquarters to And a suitable and safe place for laying np part of 
the fleet during the flood season. A very safe harbor was found between the tow- 
head and Arkansas bank, and the work of moving the fleet was at once begun, and con- 
tinued from day to day until completed. A small force was kept employed during 
the mouth securing the work on the outside bank of the tow-head, which they man- 
aged to do before the river flooded its bank. 

From the latter part of J«iuuary until the end of May no work except such necea- 
sary for the proper care and preservation of public property, and for which a small 
number of men were retained, was done. By the latter part of May the river had 
fallen so as to expose about 7 feet of bank, and an examination of the outside of Bui* 
lerton Tow-head revealed damage to the work there. A close inspection showed 
that the damage was caused by seepage from the interior. The action of this seepage 
water was to soften and slowly wash ont the stratum of sand and silt overlying tne 
clay stratum, allowing the upper strata to settle down, and the work to slide into the 
water. 

Operations were at once begun at these places and con tinned from the 1st of June 
until the 5th of July, b^ which date all the damage had been repaired. Tbis work 
involved the construction of 1,391 linear feet of mattress, from 45 to 50 feet wide, 
1,105 linear feet of revetment, and 1,004 linear feet of grading. The mattresses were 
made in the following manner: A mattress barge capable of constructing a mattress 
165 feet wide was brought alongside of the bank, and with its long axis parallel to it 
and sparrt d ont 25 feet. A grillage of stout poles was then constructed, one edge of 
it resting on the bank, the other on the upper terminus of the ways of the barge^ 
Upon this grillage a heavy mattress was constructed, and when finished the barge was 
sparred out from underneath it, tbe mattress being first fastened to the top of the bank 
by wire cables in such a manner that it could neither move outstream nor dowa- 
B&'eam, nor could it slide down the bank after being sunk. 

Ka»h successive mattress overlapped the preceding one sufficiently to make contin- 
nons work. The bank was then graded to a slope of 1 on 3 and the revetment laid 
thereon. It was supposed that the mattress just described would prevent the oozing 
out of the semi-liquid sand and silt, and that by grading the bank to a long slope and 
thus removing much of the superincui bent weight, the tend^icy to settle down and 
slide out would be much lessened. The work of repairing was finished on the 5th of 
July, and at that time the bank presented a fine appearance, all the new work having 
been uniformly loaded with stone and the older work being covered down to the water- 
line with a heavy growth of willows. 

Oii the 5th of July the work of closing the chute behind Bullerton Tow-head was 
begun by commencing the driving of a line of anchor piles across, 150 feet above the 
line of pioposed dike. These piles were driven in clusters of three each, and from 
25 to 50 feet apart, the wider spacings being in shallow water. To each pile a wii^ 
cable was fastened at such a distance from its foot that when the pile was driven the 
cable would have entered a few feet into the bottom. 

At the same time the construction of footing mattresses at each end 'of proposed 
dike was begun, that along the tow-head bank, where no caving was going on, being 
200 feet long, while that at the opposite bank, which was a bluff and caving one, was 
552 feet. After these mattresses had been sunk the bank above them was graded and 
high-water bank protection laid thereon. 

The object of thus protecting the banks was to prevent caving and cutting around 
the ends of the finished dike. 

As soon as a sufficient number of anchor clusters had been driven, the oonstmotioiL 
of dike foot-mattresses was begun. These were made 165 feet long each, and varied 
in width from 75 feet to 100 feet, the wider ones being sunk at such places where the 
depth of water required the dike to consist of four rows of piling. These mattresses 
were anchored with cables to the anchor clusters above-mentioned and in such a 
manner that when sunk from 25 to 30 feet of the mattress would be above the fivsl 
row of dike, while the entire width was such that all the piles of the different rows 
penetrated it, each mattress overlapping the preceding one, so that there really was 
a continuous mattress across the line of dike. 

By reference to the sketch accompanying this report (Plate XIV), it will he .seen 
that this dike, which is designated Bullerton Dike No. 2, is nearly completed. 
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The gap cannot be closed until the upper work is done, as the towing of material is 
done through it. 

As fast as this dike was completed a party followed with the construction of an in- 
clined grillaee mattress between the former. The grillage for this work is built upon 
piles, which latter are so hung with wire cables from the riders that when the mat 
is sunk the whole will make an angle of 30° with the horizontal, the up-stream ends 
of piles and edge of mat resting on bottom. Nine hundred and forty-five feet of this 
work was completed at the end of the period covered by this report, but ouly about 
500 feet sunk, as it was feared that the sinkine of more of it might so increase the 
velocity of the already strong current running uirough the gap as to seriously increase 
the difficulty of towing through it. 

On September 3 work on Bullerton Dike No. 1 was begun. This dike is a continu- 
ation of the section completed the year previous, which, excepting 100 feet of the 
extreme end, is yet in good condition. Here only the Arkansas bank required any 
protection, and hfgh and low water bank protection 276 feet long was constructed. 

In other respects the work was done as at No. 2 ; that is, the entire length of dike 
was first mattressed and the piles driven through the mattress. 

In this dike, also, a gap will have to be left until the work on the one at the foot 
of Osceola Chute has been completed. This latter work consists in strengthing about 
250 feet of the previously-constructed dike, and was begun on the date terminating 
this report. 

It has been found that the method of constructing dikes as practiced here, i. «., first 
laying foot-mattress and then driving the piles tnrough it, is decidedly the safest 
plan where the work is subject to scour, and much to be preferred to that where the 
dike is first constructed, and then a grillage mat built between the piles and sunk.. 
In the former case there is very little trouble from drift getting under the mattress, 
as the anchor clusters will collect and hold it until the mattress is sunk, and, should 
any get under it, it will usually work out during the operation of sinking. 

When these mattresses are sunk it is quite certain that they lie in good shape on< 
the bottom. In the other case, the drift collecting against the dike, and projecting 
more or less inside of it, is a serious obstacle to properly sinking the mattress, and^ 
then, where piles are driven in clusters of two or more, as is usual, and where they 
are more or less spread at bottom, it is impossible to sink it so that it will lie flat. 

No difficulty has been encountered in sinKing the dike foot-matresses. One of them, 
160 by 100 feet, was lost before it could be sunk by the accumulated drift breaking 
down the anchor piles to which this mattress was fastened. 

This has been the only loss incurred at this work, not a pile driven having been 
scoured out or otherwise lost. 

The maximum depth of water on the line of Dike No. 1 was found to be 28 feet, and 
at Dike No. 2, 34 feet. An examination of the outside bank of Bullerton Tow-head 
made in the early part of August, revealed damages to the work there at four places, 
two of which were at the site of previous repairs. 

The damage is not very extensive and has not increased in extent since first discov- 
ered. At one of these places the damage is evidently caused by failure of the high 
and low water bank protection to properly connect. 

This could not be avoided at the time, as after the foot-mattress had been sunk and 
before the revetment could be laid the water rose considerably. 

As it appears evident that the usual method of protecting the banks from erosion 
will not avail against interior seepage, some other plan will oe tried when the repaira 
are begun. 

A series of experiments to determine the best method of counteracting the damage 
caused to river banks by seepage water has been conducted here with an apparatus 
designed by Mr. A. J. Frith, assistant engineer in charge. Twenty- four experimenta 
were tried, some of them covering a period of eight days. From these it would ap- 
pear that a system of lateral and transverse blind drains bedded on the clay stratum 
will drain these places without injuring the banks. Whether these drains would not 
in time become choked with the mud to such an extent as to become inoperative can 
only be decided by tests, covering a long period, in the natural banks. Very favor- 
able results were obtained by driving pues at the foot of the bank, and then filling 
the apace included between the lines of piling and the bank with fascines heavily 
weighted. 

In practice there would be two rows of close piling, one to be driven about equi- 
distant between the foot of bank and the water-line, the other at the foot. The 
spaces betweeu the first row and the bank, and that between the two rows of piling 
to be filled in with thick, narrow mattress, and the whole heavily loaded with stone. 
This work will not extend above water surface, the bank above to be graded and re- 
Teted in the usual manner. It is believed that this method will prevent the sliding 
out of the softened silt and sand composing the bank, while at the same time allow- 
ing the seepage water to drain through. It acted thus in the experiments, and will 
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be tried on the Bullerton bank. The drainage plan will also be practically tested 
there. 

Appended is a summary of work done daring the peiriod, and a statement of mate- 
rial expended in construction daring the same time. Necessarily, there was a large 
amount of work done which cannot be properly tabulated, such as removing drift, 
clearing of banks, removing stone and debris from damaged parts of bank, pumping 
out boats, and other work necessary for the proper care of plant. 

The accompanying sketch (Plate XIY) shows the condition of the work at Buller- 
ton Tow-head and in Bullerton Chute on September 30, 1884. 

To avoid confusion of lines, the foot-mattress is shown in front of dikes and the in- 
clined one in the rear. 

The heavily shading sections of Bullerton bank show location of damaged parts. 

Respectfully submitted. 

AUG. J. NOLTY, 
United States Superintendent, 

Mr. Arthur J. Frith, 

United Statee Aasiatemt Engineer in ciharge. 



Summary of work done from Norember 1, 1883, to September 30, 1884. 



Work done. 



Foot-mattress made squares. 

Foot-mattress sunk do... 

Bevetmen t made do... 

Revetment loaded do... 

Inclined mattress made do... 

Inclined mattress sank do... 

Dike flnished linear feet . 

Grading bank cnbio yards. 



Bullerton 
Tow-head. 



1,242.85 
1,422.85 
2,630.2 
6, 180. 9 



33,327 



Bullerton 
Chute. 



3,308.7 
2.083.7 
1, 039 21 
856.11 
647.9 
275 
1,226 
10,871 



Total 



4,636.55 
4.406.55 
3,675.41 
7,043.01 

647.9 

275 

1,226 

23,698 



Summary of material expended from November 1, 1883, to September 30, 1884. 



MaterlaL 



Stone cubio yards. 

Brush cords. 

Poles do... 

Piling feet. 

Wire.... pounds. 

Spikes do... 

Coal bushels. 

Bope feet. 

"Wire cables number . 



Bullerton 
Tow-head. 



13,049l7 

2, 737. 9 

130.5 



8,500 
350 
160 



200 



Bullerton 
Chute. 



3,245.8 

8, 021. 37 
423.25 
97,321 
11,000 

2,903 

1,883 

1,825 

3,812 



Total 



16,205.5 

5,759.27 
562.76 
97,321 
19,600 

3,253 

2,043 

1,825 

4,012 



F7. 



REPORT OF S. P. HATFIELD, ASSISTANT ENGINEER, UPON OPERATIONS AT PLUM 

POINT DIKES. 

Plum Point Dikes, October 11, 1884. 

Sir: In obedience tonstructions received from yon, I have the bonor to submit 
tbe following report of operations at Plum Point Dikes, coyering tbe period from De- 
cember 1, 1883, to October 1, 1884. 

From December 1, 1883, to December 4, only a small piece of foot-mat was made at 
tbe bead of tbe main dike, and work was suspended. 

To this time there had been built — 

Feet. 

Main dike 2,008 

Cross-dike No. 1 794 

Cross-dike No. 2 643 

Total 3.445 
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• 

March 10 work was resumed with a force of four pile-drivers in charge of Mr. James 
Anthony, fleet foreman. April 10 I was directed by you to take charge. 

The dikes were commenced at a 28-foot stage of water, and kept high near the shore, 
gradually fallins: to about 17 feet. The dimensions of the dikes are, width equal twice 
the height, and u^ to 25 feet high two piles in f cont row ; above this height 3 piles in 
front, and 2 piles m the other rows. 

When the width of the dike would be over 22 or 23 feet between the rows, 4 rows 
of piles are intended, as braces longer than this too readily break. Cables lead to the 
rider of the rear row from the river bottom at front and middle rows ; these cables 
are fastened to the piles before driving. Diagonal braces of cable are stretched from 
every fourth pile in each row over the top of the dike, and to prevent vibration of 
the piles in * clumps" of 2 and 3 of front row, they are being wrapped with cables at 
nearly middle height. 

This is found to stiffen the clump. Each pile is lashed to a brace and each brace 
is fastened with one turn of cable around the pile, and two turns around the rider — 
braces being notched to prevent slipping, and the lashing so disposed as to meet 
the pressure. The old method of fastening by drift-bolts and separate strands of 
wire which were drawn tight by twisting, was abandoned, and cables of varioos 
lengths required have been supplied. Experiments made May 7 showed that the 
cables required for security of the end fastening, at least one and one-half turns with 
three spikes turned over the cable and clinched into the wood — this rule has been 
followed in all fastenings. 

The pile-drivers lashed the riders to the piles, but the braces were lashed by a 
*' wiring party." This party was organized under a careful foreman, with a view of 
securing more uniform and thorough work than would have been done by the drivers, 
whose foremen were apt to be in too much haste to be careful. The foreman of the 
wiring party also superintends all cable work which requires steam-power of the driv- 
ers. In addition I will state, that the orders have been that the piles should be driven 
at least 16 feet, but near the outer end of the dikes they have been driven 20 feet to allow 
for some scour. Cross-dike No. 6 was commenced during high-water and about 400 
feet built ; the strong current here soon scoured the bottom so that about 200 feet of 
the dike fell in. The wreck, remaining in deep water, proved difficult to clear away, 
and the dike was rebuilt, starting 300 foet above the former, and where there was 20 
feet less water; this was built out 700 feet, and by offset dropped back to original line. 

At Cross-di^e No. 4, 150 feet of the dike was scoured out, but the wrecK was re- 
moved and foot-mat laid on which the dike was rebuilt. To carry out the dikes to the 
distance intended will require 500 feet more on Cross-dike 5, 400 feet on Cross-dike 4, 
and 100 feet on Cross-dike 3, but there is yet so much to be done to secure the dikes as 
built, that the extension has been delayed until the mattress work is more advanced. 

The matress work began May 13, commencing with ** tip-mat " on Cross-dike 3. 
This mat rests on piles inclined from the bottom of the front row of piles to near the 
rider of the back row. There are as many of these inclined piles as there are piles 
in the front row. They are suspended from the middle rider by two parts of cable 
and two parts also leading to the rider of the front row. The frame of the mat is 
hung by wires until the mat is complete. The wires are cut and the mat dropped and 
loaded until sunk. In this mat the small end of the brush is at the top and bottom ; 
the bottom extends from 10 to 15 feet outside the dike. The brush is laid diagonally 
in the dike to receive the support of the inclined piles in addition to the frame. 
^ In deeper water, and where it is necessary to secure the dikes from scour before a 
tip-mat could be made, a flat grillage has been made. 

At dikes 3 and 4, before the outer ends could be built, it was necessary to lay a 
foot-mat. Along the face of the main dike a foot-mat 100 feet wide has been placed — 
also the same around the end of Cross-dike No. 6, extending 200 feet back. For the 
security of the dikes and proper sinking of mat, great care has been taken to prevent 
drift lodging, and to remove it when so lodged. Drift rows of piling were made above 
dikes 3, 4, and 5, and were very useful, although considerable drift would come 
through, yet not too much to handle. To remove the drift a party worked ahead of 
the mat party and fastened the drift to the drift row, or passed it back to where the 
mat was sunk and let it go on the dike. The appearance of the water behind the tip- 
mat showed whether it was well on the bottom, and where holes were apparent we 
have placed small pieces of foot-mat over the hole. As the water has receded so that 
the effect of the tip-mat can be seen, it shows that where the small end of the brush 
is resting well on the bottom a deposit is soon made over this brush, and the current 
checked ; but if the mat is held up by any drift, scour occurs ; there is also no deposit 
if the butt end of the brush is down. 

During low water we were able to improve several such places, and also distribute 
the rock better over mat sunk in high water. 

As directed, no tip-mat has been built at Cross-dike No. 6, but a grillage has been 
laid through it, except a small piece which will soon be completed. Bank protection 
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huB been completed on Cross-dike No. 4 and that on Cross-dike No. 5, except loading 
and' grading aone at No. 6. 

The mat part}*^ had trouble from reefs forming above the dike, so that barges of 
brash and rock could not be brought in. Some of this has been transferred to flats 
and some had to be carried over dry ground. 

In working from the lower side of the dike the brush has to be turned over and 
passed through the dike and cables ; the rock also has to be carried over the rear of 
the mat, which processes are slow and troublesome. It has been resorted to when it 
was necessary that the mat should be built and sunk. 

CoMolidated report, mattreM worlCf Plum Point Dikes f from May 13 to October 1, 1884. 



Dike. 


Foot-mat. 


Tip-mat. 


Orlllage-mat. 


Bank protection. 


lf«|n 


Lin./L 
1,699 


i&,96o 


Lin./L 


Sq.ft. 


Un./L 


Sq.fi. 


lAn.fi. 


Sq.fi. 


Crosa«dike "So 1 














Crom-dike No. 2 














* 220 

200 




CrOBB'dike No. 3 






1,800 

1,725 

516 


112,085 

107,495 

36,150 


800 
510 


21,000 
85.700 


8,140 


CiosH-dike No. 4 






15,000 


Croaa-dike No. 5 








CnMA-dikft No 6 


650 


65,000 


2.850 


178,825 
















Totsl 


2,849 


234,900 


4.041 


256,780 


8,660 


285,525 


420 


23,140 







Hahi 

OroBB-dike No. 1. 
CvoflB-dike No. 2. 
CroBB-dike No. 8. 
CroBB-dike No. 4 . 
CroBB-dike No- 5. 
GroBB-dike No. 6. 



Total 



Month. 



MaterialB. 



Dike. 



Stone. 



Bmsb. 



CkLydt. 
847.8 



1, 129. 8 

1,204.8 

270.0 

1,88&6 



6,840.4 



Oordt, 
1,067.1 



1,416.4 

1,506.8 

347.7 

2. 859. 



6,606.0 



Poles. 



Oordt. 
64— 



186— 

153— 

39— 

219.8 



611.8 



Hay 

June 

Jnly 

▲ngoBt... 
September 

Total. 



Labor 
Becnred 
(dayB). 



Labor lost (days). 



Sick. 



771.7 
1, 799. 3 
2,005.7 
2,000.3 
1 818.4 



8, 895. 4 



Polling 
drift. 



20.6 

225. • 

85.9 

88.2 



Moving 
bargea. 



20.2 
173.9 
200. - 
183.6 

14. - 



369.7 



641.7 



SondayB, 



59.5 
424. - 
357.5 
431.6 
386. - 



t. 608. 5 



Bain. 



MiBoel- 
laneooB. 



55.2 
46.2 
17.0 
68.8 



7.6 

6.1 

34.7 

5&4 

825.8 



172.2 



429.5 



Wire. 



OMZt. 
60.4 



66.9 

72.2 

16.4 

11L6 



817.5 



Total 



879.5 
2,688.6 
2,780.0 
2.676.0 
2.548.0 



11, 517. 
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Canwlidated report pile-driver operations, Plum Point Dikes, from March 10 to October i, 



Days wor^ of drivers : 

On dike 

On mattress 

Piles driven 

BideTssnd braces 

Hoars (10 per day, eacli driver) ; 

Driiring 



Lost- 
Changing position. 

Coaling 

Splicing line 

Lifting anchor 

Cleaning boiler. ... 

Bain 

Out of— 

Piles 

Cables 

MisoeUaneons 



Totals. 



On dike- 
Wiring.. 
Misceflan 



eons 



Totals. 



On mattress- 
Pulling drift... 
Placing piles .. 
Moving oarges. 
MlBcellaneoas . 



Totals 



Force, indnding pile-pariy and 
wire-party — 

Foreman 

Engineers 

Firemen 

Laborers 

Others 

Iffaterials : 

Feet of piling 

Cables 

Staples 

Spikes 

Drift-bolts 



I 



67 



627 
216 

450 



23 

4 



20 
21 



47 



115 



81 
09 
60 



44 

86^010 

420 

285 

1,218 

781 






^ 

^ 



162 



891 
616 

1,109 



295 

23 

1,899 

879 

2, 239 



o 


1-3 



312 

80 

1,449 

942 

2,012 



37 

21 

8 

12 

48 
67 

185 

4 

111 



478 



30 



30 



8 



223 

187 

187 

1,181 

72 

76,178 

697 

129 

3,230 

1.741 



82 
28 
21 
60 
120 
42 

38 



77 



468 



136 

67 

11 

32 

120 

134 

55 

6 

196 



745 



219 
10 



229 



36 

189 

2 

18 



244 



425 
363 
363 
2,447 
124 

188,979 

4,500 

473 

29,639 

244 



381 
8 



389 



264 

415 

16 

79 



774 



624 
464 
464 
2,906 
120 

119,700 

4,568 

898 

29,140 



1-3 



219 

38 

796 

886 

1,172 



77 
60 
6 
42 
76 
64 

329 

87 

143 



873 



109 
34 



143 



204 

157 

6 

15 



382 



868 
329 
815 
1.924* 
124 

66,706 

2,196 

107 

12,459 







351 

45 

1,230 

738 

1,689 



154 
96 

17 

4 

142 

17 

593i 

21 

204 



1,2474 



6424 
12 



6644 



91 

300 

74 

4 



460 



646 
476 
444 
2,801 
124 

98,753 
4,4Se 



29,266 



I 



197 

28 

480 

624 

806 



81 
64 
13 
11 
64 
44 

19 

3 

66 



364 



678 
25 



603 



77 
100 

87 
213 



477 



340 
284 
256 
1,720 
139 

49,608 
8,808 



3 

o 
H 



1,693 

214 

7,272 

4,301 

9,477 



28,589 



690 
819 
70 
161 
690 
879 

1,219* 
120 
842 



4, 2901 



1,859| 
89 



Xf Vftvf 



678 

1,161 

186 

829 



2,354 



2,507 

2,172 

2,098 

13,872| 

747 

586,919 
20,142 

1,842 
128.425 

2,716 



Number of dike. 



Matai 

Cross-dike, No. 1 
Cross-dike, No. 2 
Cross-dike, Na 3 
Cross-dike, No. 4 
Cross-dike, No. 5 
Cross-dike, No. 6 



Work performed (linear feet). 



Previonsto December 
1, 1888. 



Line. 



1. 



2,008 
794 
648 



794 
643 



3. 



2,0063,006 

~ 794 

648 



i 
I 



2,008 
794 
643 



December 1,1883, to 
October 1, 1884. 



Line. 



1. 



1,017 
191 
957 



2. 



1,017 
191 
957 



2, 100 2, 100 
2,000|2,000 



8. 



1,017 

191 

957 

^100 

2,000 



4. 



950 



2, 20012. 2C0 2, 200 
8,10013,10018,100 



200 



i 

i 

J 



1,017 
191 
957 
2,100 
2,000 
2,200 
8,100 



Total to October 1, 
1884. 



Line. 



I. 



0268, 



8, 

985 
1,600 
2,100 
2,000 
2,200 
3,100 



.026 
9861 
1,600 
2,100 
2,600 
2,200 
8,100 



8,025 
986 
1,600 
2,100 
2,000 
2,200 
8,100 



4. 



960 



900 



I 
I 



3,026 
986 
1,600 
2,100 
2,000 
2,200 
3,100 
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Camolidated r^^t piU-driver operaUoM, Phm Paint Dikes, ^.—- Continned. 



Pile party 

Wire party , 

Pile-driTers 

Total force 

Lost by Sundays and hoUdays 

Labor aecnred 



BiTision of foroe. 



s 

I 



166 

135 

2.206 



2,607 
844 



2,163 



i 



2,172 



2,172 
296 



1,874 



d 

« 

t 



2,008 



9,098 
200 



I 



1,287 

1,348 

10.7421 



18,8721 
1,809 



1,806] 11,5681 



747 



747 

100 



64T 



A amall portion of the mat remains to be loaded when the stage of water is more 
favorable. Tbe extent of the dikes obliges us to move barges a long distance bj 
hand j this has consumed much time. Steamers have not been able to assist much. 
In this handling of the barges the drift row of piling has been very osefal. 

The map and tabular reports accompanying (Plate XIII) show the location, char- 
acter, and amount of the work performed, and other items which may be of interest. 
It gives me pleasure to refer to tne valuable assistance I have received from Mr. James 
Anthony, fleet-foreman, and Mr. Q. Holmes, as boarding-master. 
Very respectfully, 

S. P. HATFIELD, 
United States Aaeietant Engineer, 
A. J. Frith, 

United States Assistant Engineer. 
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REPORT OFF. A. YEA GBR, ASSISTANT ENGINEER, UPON OPERATIONS AT CRAIGHEAD'S 

POINT. 

Sir: I have the honor to submit herewith my report of work done between Station 
56 A and Craighead's Point from August 5, 1884, to October 1. 1884. 

On August 5 a mat 150 feet wide was started about 100 feet below Station 56 A, 
and from the 5th to the 27th 1,197 feet were made and 1,097 feet sunk, 100 feet having 
been lost in sinking. 

On the 28th a new mat 175 feet wide was commenced, with a heavy boom of cypresa 
piling. Thirty-three feet of mat were made on the barge before shifting, and ou Sep- 
tember 2 an attempt was made to launch it, but owing to the strong current, the in- 
stant it struck the water the boom broke, and the mat doubled up and slid from the 
barge. This piece of mat, 33 feet by 175 feet, was sunk near the shore, and on the 3d 
a new one, 150 feet, was started with a boom three piling in thickness. 

On the 5th this met the same fate as the other. 

From the 6th to the 8th the bank was cleared preparatory to grading, and on the 
9th another mat 175 feet wide was started, with two Dooms ten feet apart, and seven 
piling running up into the mat, which was commenced on the upper boom. On the 
16th 38 feet were successfully launched, and held by seven lines and two wire ropes. 
Drift began to collect almost imperceptibly, and on the 20th the two wire ropes 

garted, causing the head of the mat to sink about 2 feet. On the 25th enough drift 
ad collected to sink it 3 feet more. A large force of men was kept at work removing 
the drift, and on the 27th the mat looked m good condition, ayd preparations were 
made for sinking on the 29th. 

The mat was now 581 feet in length, and held by six 2-inch and seven l^-inch lines 
and one wire rope. On the morning of the 29th all lines parted, and the mat aad 
mat-barge and three other barges were carried down the river. 

These were landed by the Kirns, and towed back by the Kirns and Itaska. 

Another mat 150 feet wide has been started, but, as per orders, it wiU not be launched 
until drift stops running. 
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At the place where these mats were started the river is less than 2,000 feet iwide, 
and, as will be seen by the accompanying sketch (Plate XV), the current strikes 
straight into the bank at that point, making it very difficult to hold a mat there. 

Caving is takiug place rapidly just below the mat, but very little has taken place 
behind the mat. 
The sand-bars on sketch are not taken from survey. 
Very respectfully, 

P. A. YEAGER, 
A99i9tant Engineer. 
' Arthur J. Frith, 

United States AaHetant Engineer. 



F9. 
report of xbvillb b. craio, assistant engineer, upon surveys, plum point 

REACH. 

ASHPORT, Tenn., October 17, 1884. 

Snt: In accordance with instructions, I have the honor to submit the following 
report for the eleven months ending October 1, 1884 (Appendix F 9j and Plates t, 
n{2 sheets), III, IV, V^ VI, and VII.) 

The following is a bnef summary of work done by the survey party. » [Here fol- 
lows a statement showing that the time of this party was well occupied. — J. G. D. K.] 

During the period embraced by this report fourteen measurements of discharge 
were made at Fulton. The four channels at Bullerton were gauged September 15. 

The meter party, under Assistant Engineer Riley, was detached from the main 
party, and engaged upon current observations from December 19 to February 28, 

Below are given the results of all the discharge observations made subsequent to 
February 24. Those made previous to that date by Assistant Engineer W. H. Powless, 
then in charge of the party, were probably reduced and the results sent away with- 
out retaining copies. At least I can find none here. 

DISCHABGB OBSERVATIONS. 



At FuUon, November 1, 1883, to October 
1,1884. 



Febniiu>y25,1884.. 
Febnmry 26, 1884. . 
Karohl2.1884..... 

Harchl9,1884 

April 8, 1884 

April 26, 1884 

April 26, 1884 

Ifaj8, 1884 

Kay 9, 1884 

May 24, 1884 

Jane 21, 1884 

August 6, 1884 

September 16, 1884 



Near FuUon Seetion, hseid qf Itland 34. 

I£ay9,1884 

BuUerton, Septen^ber 15, 1884. 



Bullerton Chate 

Channel onteide Bnlleri»n 

Middle Bar Channel 

Yankee Bar Channel 



Total diaoharge 



•s 

s 

l. 

I 



88.56 
33.56 
31.45 
31.80 
84.97 
30.55 
30.47 
29fl0 
29.52 
21.65 
20.55 
14.34 
6.90 



29.44 



7.15 
7.15 
7.15 
7.15 



Sq./eet. 
169,635 
170,762 
167,760 
167,160 
178,200 
161,550 
161,550 
153, 610 
154,722 
131, 340 
131,480 
112,190 
92,710 



209,120 



20,480 
23,020 
13,340 
18,600 



^ 



^ 



Feet. 
8.64 

a 39 

6.34 

7.70 

8.26 

7.43 

7.14 

6.987 

7.21 

4.50 

4.49 

3.441 

2.003 



4.452 



L65 
1.666 
3.348 
1.920 



^3 



41 

9 O 
S • 

SI 
8 



Feet. 

1L54 

11.76 

7.82 

9.32 

10.48 

9.15 

9.04 

8.47 

9.08 

5.82 

5.67 

4.15 

2.33 



5.11 



2.065 
2.577 
4.252 
2L627 



« 

* i 

•a S 

m 



Cfubiefeet 

1,466,446 

1,432,774 

1. 067, 686 

1,286,278 

1,472,150 

1, 201, 025 

1,153,450 

1, 073, 318 

1, 115, 605 

501,360 

500,063 

386,117 

180, 710 



981,018 



83,805 
38,348 
44,668 
26,186 



148,001 
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The meter party, under Mr. Riley, failed to accomplish anything owing to the strong 
current at the old Fulton ganging section, and the inahilitv of the launch to do the 
work required of her. All the results given below were obtained by the method of 
double floats. 

It will be observed that two sections were gauged at Fulton on the 8th and 9th of 
May. 

The first ganging was done on the old gauging section. Then the new gauging sec- 
tion, just above the head of Island 34, was gauged ; after which discharge observations 
were again made on the old section. 

The two sections were opposite in character, the old being narrow and deep, the 
new wide and very shallow. They were so situated that gauging them was equiva- 
lent to gauging behind a submerged dam and then on its crest. 

As anticipated, widely divergent results were obtained, as the following comparison 
will show : 



Date. 



OM seetion obserred Hay 8 

Do Maya 

May 9 
May9 



Old section computed. 
Kew section observed 



Time. 



10.21 a. m. 

2.45 p. m. 

10.00 a. m. 

10.00 a. m. 



Area. 



Sq./eeL 
153, 610 
154,722 
154,587 
200,120 



Mean 

velocity per 

seoona. 



Feet, 
0.087 
7.210 
7.173 
4.452 



Discharge 
per second. 



Oubie/eet. 

1, 073, 313 

1,115,606 

1,108,494 

931,018 



Fulton 

gauge 

reading. 



29.10 
2a58 
29.44 
29.44 



The third column is computed irom the first and second, on the supposition that 
the area and mean velocity vary uniformly with the gauge-reading during the inter- 
val. The constant variation in the cross-section at the old ganging section is deserving 
of careful study. I am convinced that the section constantly endeavors to adapt 
itself to the discharge, but when a sudden change in sta^e occurs, the section is larger 
or smaller, as the case may be, than the discharge requires ; and at such times gaug- 
ing is erroneous from considering an area that is either not wholly effective for 
discharge, or so much less than the discharge requires that for the time being the 
law of velocity in a vertical plane is changed. A number of facts lead to this con- 
clusion, but additional observations taken with particular regard to this subject are 
required before the inference can be regarded aa fact. 

It is my hope that discharge measurements may be in future a more prominent 
feature in the work of the party. 

THX LEYBX SURVST. 

This survey was begun June 24, under instructions to make a survey, plans, and 
estimates for a levee that would prevent the escape of water over Plum Point. The 
first part of the work involved a survey of the old Ashport levee, extending firom Ash- 
port to the bluffs, 8 miles back. Cross-sections of the levee were taken every 100 feet 
and at many intermediate points. 

I found the levee In a v^y fair condition, but it seems to have been built on the sap- 
position that high water at the bluffs would be about the same level as at Ashport, 
while as a matter of fact there was a difference in the high water of 1&S2 at the two 
places of about 4 feet, being highest at the bluffs. 

Asa consequence, almost the first flood after its construction mined it, and the badly 
damaged portion is all at the end next the bluffs, while near Ashport the levee is m 
a long distance still perfect. From Ashport our location is along the river, at varying 
distances from it, to the head of Yankee Bar. It then follows a ridge back of Crutoh- 
er's Lake and strikes the main bank of 014^ River back of Flower Island, which it 
follows for a mile and a half, and then runs directly to Cold Creek, which it meeta 
about 1 mile above its mouth. 

I regret that deficiency in the office force and the short time allowed for the prepa- 
ration of this report render it impossible for me to present the results of the survey 
here. 

The line was completed August 31. 

SUMMARY OF CHANOKS ON THK REACH. 

A map showing scour and deposit on the entire reach was made some months ago, 
but without a pantagraph I am unable to make a reduction of it to a smaller scale in 
time for this report.* 

* Blue prints of this were distributed to the Mississippi River Commission. ThA 
map, if reproduced here, would be apt to mislead, as the comparison was of low- 
water stage, with a following intermediate falling stage. Results shown would be 
greatly modified by the following falling river. J. G. D. K. 
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In an accompanying diagram (Plate III) I have, however, given graphically a 
comparison of effective low-water cross-section areas for three surveys, viz, that 
made in the fall of 1881, that of October, 1883, and the last general survey, made in 
May and Jnne, 1884. Maps are also submitted showing the condition of the river in 
the vicinity of Bullerton Towhead (Plate . VII) and the Gold Dust Dikes (Plate VI) 
from surveys made during the lowest water of the season. Accompanying each of 
these two maps are comparisons (Plates IV and V) of the present condition of the 
river in the localities mentioned with that shown by the survey of October, 1883. 

The most remarkable and sudden changes on the reach are those which have oc« 
ciirred in the Bullerton Channels. During the last high water a general deposit took 
place over nearly the whole area of Bullerton Chute, as shown by the survey of April 
15, and just outside the opening in the Osceola-BuUerton Dike; this deposit attained 
a maximum depth of 27 feet. 

Such an obstruction in what had been the main channel brought an increased force 
against the weaker portion of the dike at the fuot of Osceola Bar, and it gave way. 

A large amount of water began passing into Bullerton Chute through the break in 
the dike, and scoured the channel deeper as the water fell. 

At a lower stage a general deposit in the main river opposite and below Bullerton 
resulted, and the extremely unfavorable state of affairs shown by the survey of May 
22 ensueid. The building of the cross dikes on ranges 48^^ and 5li in Bullerton Chute 
went far, however, to rectify the mischief done, and in a few weeks' time the river 
out a steamboat channel through the immense bar in the middle of the river, as 
shown by the survey of August 4. This cut through the bar, by diminishing the 
current in the channel just outside Bullerton, acted rather unfavorably upon the old 
Bullerton crossing at Bullerton light, which for a time became extremely trouble- 
some to all the larger steam and tow boats, until about the middle of August they 
abandoned it entirely in favor of the middle-bar channeL This state of affairs ex- 
isted during the latter part of August and the first fifteen days in September. The 
extension meanwhile of Dike No. 6, the lowest of the Hotchkiss dikes, was opet^t- 
ing gradually to make the middle-bar channel difficult of entrance above, narrowband 
crooked in places below. Steamboats frequently ran aground, and in one instance a 
fleet of five barges of the Saint Louis and Mississippi Valley Transportation Com- 
pany broke and ran aground in it. 

About this time the Bullerton survey of September 13 revealed the fact that the 
old Bullerton crossing had been scouring and straightening itself, and that there was 
a clear 12-foot channel for the stage then existing. 

A few days later all the boats in the river were using this channel, and the middle 
bar channel was completely abandoned. 

CAVING BANKS. 

The following are the most noteworthy cases of caving banks on the reach : 

(1.) On the Arkansas side of the river immediately above Daniel's Point a large 
amount of caving occurred dnring the subsidence of the last high water. 

(2.). Some caving has been going on constantly on the outside of Ashport Bar, R. 
22-24, but is not important. 

(3.) On the Tennessee side, between R. 22 and R. 26, the caving is quite rapid dur- 
ing the falling stages succeeding high water. This caving attains its maximum at 
a point above 7d0 feet below R. 25, where between the surveys of October, 1883, and 
April, 1884, the caving amounted to 400 feet. The significance of this fact is seen 
when it is stated that from R. 21 to R. 25 several sloughs and low banks permit an 
enocmoos volume of water to escape into the low ground a quarter of a mile beyond 
wJiere the levee snrvey shows a dry lake or slough of immense size leading directly 
to Cold Credt. Every foot that caves here serves to weaken the slight barrier that 
now remains^ Mid increases the probability that Plum Point may, before long, be 
caUed Plnm Island. 

(4.) From R. 30^, just below Fletcher's, to R. 36, at Elmot,the worst case of caving 
on the reach eocnrs. 

From October, 1883, to May, 1884, the caving was as follows : R. 31=100 feet ; R. 
32=210 feet; R. 33=385 feet; R. 33^=700 feet; B. 34=385 feet; R. 35=10 feet; R. 
36, slight. 

Since the May survey, the caving has been more rapid on the lower ranges near 
Elmot, and not so great upon those above. 

(5.) There has ahM> been considerable caving going on between ranges 34 and 36, 
inside Elmot Bar, which, on range 35, amounts to about 270 feet, between October, 
1883, and the present date. 

(6.) On the Arkansas side, back of Bullerton Tow-head, R. 50i-R. 54, the maximum 
caving amonnts to about 100 feet, between October, 18H3, and May, 1884. 

(7.) Between the same dates, the head of Yankee Bar has receded 740 feet down- 
stream. 
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(8.) The whole shora-line on the Arkansas side, between Pettey's Landing and R. 
70, at Craighead Point, has been caving rapidly. From October, 1883, to June, 1884, 
the greatest caving was between R. 61 and R. 71, reaching its maximum at R. 63^, 
where it amounted to 380 feet. Since June, 1884, the caving has been more rapid 
above, and principally due to the impinging force of the strong current passing 
through the middle bar and Yankee Bar channels. 

. I. regret that the brief time allowed for the preparation of this report has rendered 
it impossible for me to even gather together and examine many of the maps and com- 
putations on file at Elmot and at Cairo* which would be absolutely necessary to make 
this report thorough and complete. My present assistants, Messrs. Maurer and Stur- 
tevant, as well as those lately connected with the party, Messrs. Hiroi and Hall, have 
rendered valuable service. 

Mr. Maurer, particularly, is deserving of the greatest credit for the faithful and 
painstaking manner in which he has done the draughting and made all necessary re- 
ductions. 

Mr. Herman, though only serving as level rodman, has frequently done efficient 
service with the transit. 

Very respectfully, your obedient servant, 

NEVILLE B. CRAIG, 
United States AsHstant Engineer, 

A. J. Frith, 

Assistant Engineer, 
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REPORT OF CAPTAIN CLINTON B. SEARS, CORPS OF ENGINEERS, UPON OPERATIONS IN 

THE SECOND DISTRICT. 

(Maj. A. M. Miller, Corps of Engineers, U. S. A., in charge, to September 1, 1884 ; Capt. 
Clinton B Sears, Corps of Engineers, U. S. A., in charge (temporarily) since Septem- 
ber 1, 1884.) 

This district extends from the foot of Island 40 to the mouth of White River. The 
improvements of two reaches only in this district have so far been contemplated, vis, 
the Memphis and Helena reaches. Owing to a want of funds, nothing has been done 
on the latter reach beyond a survey, nor has any project for its improvement been 
made. 

1. Memphis Betkoh and Harbor, 
(Assistant Engineer W. M. Rees, in local charge. ) 

The original project for the improvement of this reach, submitted by Major Miller 
and approved by the Commission, contemplated the narrowing of the river below Isl- 
and 40 to an average of 3,000 feet by closing Beef Chute, east of Island 40 (in first 
district), by building up the bar from Ash Slough to foot of Island 40, by means of 
dikes, and by the same means to build up artificial banks on the opposite side in the 
Ash Slough Bend and at the bend above Mound City ; to close Frame's Chute at high 
water, and to hold the caving banks in Hopefield Bend, on the Arkansas side, and to 
do the same on the Tennessee side from Frame's Chute to mouth of Wolf River, and 
below the latter as far as may be necessary for the preservation of the city front. 
Below Fort Pickering to close the chute to the east of President's Island by dikes. 

This project has been carried out only as far as relates to the revetment work in 
Hopefield Bend, and above and below the mouth of Wolf River. No dike work has 
been done. 

Revetment work has been carried on at intervals through two years as rapidly as 
the funds available and the state of the river would permit. 

HOPEFIELD BEND. 

This revetment consists of a subaqueous mattress, about 140 feet wide, and an up- 
per bank brush revetment laid on a graded bank and well ballasted with stone. Up 
to November 1, 1883, 6,700 linear feet of subaqueous mat had been sunk and 4,100 
linear feet of upper bank protection had been placed. 

During the last eleven months the work has been carried on as energetically as pos- 
sible, but under many adverse circumstances, and has been attended with many 
losses, caused by drift accumulations and strong currents. Much damage has been 
done by the flood to the work at the head of the bend, and all of the sul^aqueons 
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mattress from where the upper bank revetmeiit ended down to the end had disap- 
peared after the flood. 

This is supposed to be lying on the bottom of the river, and may have some'' bene- 
ficial eifect in retarding the deepening of the channel were it lies. 

The flood of m84 left only some 5,700 linear feet of bank protection in fair shape. 
No caving of importance took place along this piece, but below it where the upper 
bank had not been revetted extensive caving took place. 

The revetment at the upper end of the bend has been repaired and the subaqueous 
mat and upper bank protection has been continued down-stream from the end of the 
uninjured portion of last spring. 

The sabaqaeous mats have been made wider and stronger, the upper bank protec- 
tion has been made thicker, and greater care has been taken to connect the upper and 
lower bank revetments. 

It is expected that the main portion of this work will be* completed before the next 
high water. 

For details of manner of construction, cost, progress, and condition of work, Oc- 
tober 1, 1884, see Assistant Engineer Rees's report herewith, marked Appendix G 1 and 
map marked Appendix G, Plate I. 

MEMPHIS HARBOR. 

The work here is local and for the protection of the city front, which is covered 
with costly buildings, such as elevators, cotton sheds, warehouses, oil mills, railroad 
depots, &o. 

Just below the mouth of Wolf River the whole main channel of the river strikes 
the shore almost at right angles ; the current is very strong and the channel very 
deep, havins at some places 100 feet at 11.4 feet on Memphis gauge, and this within 
300 feet of the shore. 

These conditions, taken in connection with the hindrance from buidings en top of 
the bank and extending down to the water the constant use of the banks for steamers, 
barges, ferry landings, coal fleets, and railroad transfer landings, cause any attempts 
to protect this front to be attended with many and serious difficulties. 

An eflectnal protection should consist of a continuous subaqueous matti*ess, at least 
300 feet wide, of double thickness and well ballasted with stone ; of an extra thick 
and strong upper bank revetment, solidly covered with stone, and laid on a ^rade not 
less than one to four, and of a strong brush mat connection, woven into me upper 
work and lapping well over the lower work. 

These conditions we have been unable so far to fulfill as regards width of lower 
mat. The two abortive attempts to sink wide mats are described in Mr. Rees's report. 

The reason of this failure was that these mats were not strong enough to stand the 
great cross-strains thrown onto them while sinking. Had it been practicable to have 
evenly distributed the strains on the lines and rods, so as to have given equal bear- 
ings, it is possible the mats would have proven sufficiently strong. The factors in the 
problem are, however, so uncertain that it will be necessary to add large factors of 
safety to the mat to allow for unequal strain. 

Preparation had been made for a new mat. 250 feet wide, to begin just below Wolf 
River, and the rods, rope, &c., prepared, wnen the river suddenly rose some 8 or 9 
feet, bringing down considerable drift and greatlyincreasing the current, and it was 
deemed advisable to wait for lower water. 

In the fall of 1882 two mats, each 120 feet by 60 feet by 2 feet, were sunk in front of 
the cotton platform at the foot of Winchester street, and 14 mats of the same dimen- 
sions each (except one which was .120 by 40 by 2 feet) were sunk parallel to each 
other and extending from the foot of Market street to the foot of Poplar street. 

In 1883 five mattresses, each 120 by 60 feet, were sunk, three near the cotton com- 
press and two in front of the city landing, and the bank was graded and revetted from 
the elevator to the cotton compress. 

Owing to limited means this work was put only at the points of greatest danger, 
but being fragmentary and detached did but little good. 

Upon the allotment of more ample funds the continuous upper and lower revetment 
was projected and has been carried out as effectively as possible in the face of the 
difficulties encountered. 

Portions of the two wide mats that broke in sinking were secured and sunk in front 
of the elevator. A subaqueous mat 150 feet wide now extends from a point about 500 
feet above Wolf River, continuously Qrcross the latter and down to near the foot of 
Jefferson street. This overlies the mats previously put down and the two portions 
above mentioned for a distance of 960 feet, and in front of the elevator there are three 
thicknesses. 

But little trouble has been experienced in sinking this mat, and no loss. 

The upper bank has been graded to the foot of Exchange street, and about 500 feet 
has been revetted and well ballasted. 
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It is expected that the grading and upper bank protection will be completed to the 
foot of Jefferson street, where the levee pavement ueginB, and the narrow lower mat- 
tress sunk to the foot of Beale street before high water ; also, a sill mattress laid fore 
and aft in Wolf River and extending well out across the present shore mattress. 

If the next attempt at sinking a wide mattress be successful, its construction will 
be continued down as far as the money and season will permit. 

FIXANCIAL STATEMENT. 

MemphU B^aeh and Harbor. 

Amount allotted by appropriation of — 

August 2, 1882 $325,000 00 

January 18, 1884 90,000 00 

July 5, 1884 200,000 06 

615, 000 00 
Total amount expended to September 30, 1884 431,672 97 

Balance available, October 1, 1884 183,327 03 

In treasury 110,000 00 

In hands of Captain Sears 73,327 03 

183, 327 03 

The condition of the records in this office is such that a classified statement of ex- 
penditures previous to September 1 is impossible, M%}or Miller having taken his 
retained vouchers with him, and there being no copies on file. 

For details of construction, cost, and condition of work, October 1, 1884, see As- 
sistant Engineer Rees's report herewith, and map. 

SUMMARY. 

As the work so far done on this reach is only preliminary and partial, is is not 
deemed advisable to attempt any comparisons with a view to determining tiie improve- 
ment brought about by the work so far done as regards channel improvement. 

It is not expected that bank revetment will have any positive effect in improving 
a channel- way. The good to be expected is negative to the extent of holding a cer- 
tain amount of earth in place and keeping it from washing into the channel and form- 
ing bars below. 

It is positive to the extent of maintaining a regular and well defined channel and 
in preventing a cut-offj which might unsettle the regimen of the river for miles below. 

The original project has been set forth above. No important changes have been 
made in the general plan. 

The total amount expended to November 1, 1883, was ^68,269.64. During the 
eleven months ending October 1, 1884, there have been expended $163,403.33. Dur- 
ing the next year, $400,000 can be profitably expended towards carrying out the orig- 
inal project. With this it is proposed to revet some 15,000 linear feet of bank, and to 
build some of the pile dikes. 

My experience shows me that the estimate made by Major Miller in November, 1882, 
was much too low, and I have estimated my revetment work at $20 per linear foot, 
and dike work at $8 per linear foot. 

The advantages and benefits to be expected from this expenditure are those inci- 
dent to the completion of the general project for the reach, viz : Narrowing and 
deepening the channel, giving its banks stability and protecting the valuable prop- 
erty along the Memphis City front. 

An estimate for the entire and permanent completion of the work of improvement 
on this reach, I am unable to give, not knowing the intentions of the Commission as 
to the ultimate extent of the works. 

As this work is only one link in the chain of general improvement of the river, the 
amount of commerce and navigation that will be benefited is that incident to the 
whole river, a statement of which has already appeared in a previous report of the 
Commission. 

The present estimated value of the plant, tools, and outfit on hand belonging to the 
reach is $118,000. 

The funds for levee construction in this district having been exhausted at the date 
of the last annual report, no levee work has been done. From the July appropriation 
for 1884 the Commission allotted $160,000 for the repair and preservation of levees in 
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the secoad. third, and fourth districts, this to be divided by the board of district 
officers. The division was made, and $20,000 conditionally allotted for repairs to 
levees on Yazoo Front, second district. 

The conditions of its allotment having by September 10 not been fulfilled, this 
money reverted to the Yazoo Front, third district. Since then, however, the local 
levee authorities of the Yazoo Front, second district, have succeeded in negotiating 
their bonds, and contracts have been made for the expenditure of some $500,000 in 
levee work. 

The Commission also allotted $15,000 for the repair and strengthening of the Long 
Lake Levee in Arkansas, providing the levee from Helena to Long Lake shall be re- 

g aired and raised to 2 feet above the high water of 1882 prior to November 1, 1884, and, 
irthermore, provided that the district officer upon examination .of such levee shall 
find its condition to be buch as to require such repair for its safety. 

A personal examination by the district officer was made in September and the need 
of its repair determined. The local levee authorities have made a contract for the 
work from Helena to Long Lake, to be done by October 31. It is expected, therefore, 
this $15,000 will be expended as above. 
Respectfully submitted. 

CLINTON B. SEARS, 
Captain of Engineers^ U, S, A. 



United States Engineer Office, 

Memphis f Tenw., October 10, 1884. 

Captain : I have the honor to submit a report of the improvement of Memphis 
Beach and Harbor from November 1, 1883, to October 1, 1884. The work comprises 
the protection of tLe banks in Hopefield Bend and in Memphis Harbor. 

hofefield bend. 

The original project was to begin at Mound City Chute, and revet the bank for a 
distance of 2 miles, towards lTopefi,eld, Ark., leaving the lower portion of the bend un- 
protected so as to allow the river to straighten itself by cutting away the point at 
Hopefield, which would decrease the pressure now exerted against the Memphis Front. 
The revetment to consist of brush mattress work, covered with stone, extending from 
the bed of the river to the top of the bank. This work was begun in December, 1882, 
and up to November 1, 1883, 6,700 linear feet of lower bank had been revetted, and 
4,100 linear feet of this had been extended to or near the top of the bank. At the close 
of the working season of 1882-^83 (January 4, 1883), 10,400 linear feet of the below- 
water bank had been revetted, and 5,700 linear feet of upper bank work completed. 
The deep-water mattresses were 140 feet wide, built and sunk in lengths of about 1,000 
feet. The upper bank revetment consisted of two layers of brush, secured with poles 
and wires, and were covered with stoue — this was to be placd upon a slope of 1 on 3, 
graded by the hydraulic process, and to extend to the top of the bank, but, owing to 
lack of sufficient grading power, the slope was in most places greater, and not ex- 
tended to the top of the bank. In many places it was 1 on 2 or 2^, ending against 
a hard stratum of buckshot earth, 6 to 10 feet below the top of the bank. Two grad- 
ingmachines were used, the one a Dayton cam pump, described in my report of last year, 
which has a steam cylinder of Iti^ inches diameter, water cylinder 9 inches diameter 
and 18-inch stroke, discharging 325 gallons per minute at 140 pounds pressure, and 
removing about 60 cubic yards of earth per hour. The other was a pile-driver pump 
(Knowles duplex), having lO-inch steam cylinders, 6-inch water plungers, 12-inch 
stroke, discharging about 200 gallons per minute at 160 pounds pressure. As the pump 
worked but a short time and in hard material the quantity cut per hour was only 16 
cubic ^ards. 

During the low water of 1883 it was decided to build the deep-water mattresses 
continuously, but the river began rising in November, piling drift against the mooring 
barge and mat to such an extent that, on November 14,1 was obliged to siuk it, after 
2,571 linear feet had been made. 

On November 30 a mat 1,057 by 140 feet was lost while attempting to sink. Nine 
lines, varying in diameter from 1^ to 2 inches, were parted, due to the great strain 
brought upon them by drift which had accumulated in considerable quantity above 
the mooring barge and under the head of the mattress. Work, however, was still 
continued; more and larger lines were placed both to the mooring barge and to the 
head of the mattress. 
^ Two mattresses were sunk after this, when work was suspended in the lower por- 
tion of the bend, and the ways moved to near Mound City Chute to repair the damage 
caused by a large cave, which occurred on December 12, breaking up the revetment 
placed during the season of 1882 and 1883, for a length of about 500 feet,, and width 

H. Ex. 64 16* 
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in the middle of 175 feet. The large deep-watei mattress broke in small sections and 
was carried away. When this mattress was sunk it reached practically to the foot of 
the slope. 

An examination, made after the caving, showed that the depth along its outer edge 
had increased from 40 to 75 or 80 feet. This increased depth was undoubtedly due to 
the caving away of the bank above, where new revetment had been done, leaving 
the revetted point projecting in the river; an additional cause may have been that our 
fleet of boats had been lying for some time at this place. Several smaller caves oc- 
curred in the upper bank later, all being where boats were lying along the bank or 
above mooring barges where drift had accumulated. After the ooats were removed 
no caving occurred along this portion of the bank. The river continuing to rise, all 
work was suspended on January 23, 1884. 

At this date there was needed to complete the work laid out for the season 1,000 
linear feet of deep-water mattress, in lower portion of bend; 800 linear feet to cover 
space at month of Mound City Chute and the banks just below, and 5,600 linear feet 
of upper bank revetment from 60 to 75 feet wide. Over one-half of the work done 
during the season of 1882-'83 had disappeared, although it had successfully withstood 
the high water of 1883. 

An examination, made after the subsidence of the high water of this year, showed 
a considerable amount of caving in the lower part of the bend, commencing at the 
end of the upper bank revetment and extending to Hopefield, where the sites of 10 
buildings were washed away. Wherever the revetment had been carried to or near 
the top of the bank very little caving had taken place, only a few minor breaks 
havinff occurred in the upper revetment, all of which have been readily repaired. 
Five thousand seven hundred linear feet of revetment withstood the high water of 
1884. 

Along that portion of the bank where no shore-work was placed, the bank caved, 
the widths of caving varying from 200 feet near the middle of the bend to 700 feet 
near Hopefield. 

This destroyed 4,500 linear feet of deep-water revetment ; add to this 500 linear feet 
lost in December 18, 1883, the total is 5,000 linear feet of revetment lost or nearly 50 
per cent., but the greater portion of tbis was incomplete work, not being extended 
above the low-water line. 

The conclusion drawn is that if the revetment had been completed it would have 
successfully stood the high water of the spring of 1884. The project for this sea- 
son's work is, first, to repair and strengthen the revetment that held, extending the 
same nearer to the top of the bank where practicable ; second, to replace the deep- 
water mattresses in the lower part of the bend, lost last season, for ft distance of 5,000 
linear feet; third, place a mattress across the mouth of Mound City Chute, extending 
the same to cover the break below, a total length of 800 feet. The revetment in all 
cases to be extended to the top of the bank, which will first be graded to a slope of 1 
on 3. 

Some modifications have been made in the former method of construction, viz, the 
width of deep-water mattresses bas been increased to 150 feet, and the shore-edge is 
held against a line of piling driven 8 feet apart, and on a line about 5 feet below low 
water; this will increase the width of the revetment from 25 to 30 feet. The mat- 
tresses are being made thicker and stronger by weaving brush around but 2 poles, 
instead of under and over for the whole length of the brush, then throwing the tops 
on the mattress. These tops are secured by a binding pole well wired to the weav- 
ing poles, and transverse poles are placed over the binding poles, spaced 8 feet apaH. 

In addition 5 one-half inch iron rods and 2 five-eightn inch wire ropes are run 
through the mats longitudinally, and one-half inch iron rods or wire ropes are run 
through transversely every 40 feet, the ends of the latter being secured to piling or 
to the shore ; all rods and wire ropes are well secured to the mattress at numerous 
points with wires. 

The construction of shore work is about the same as last year, except that consid- 
erable wire rope is used and a much greater quantity of stone. 

The shore work will extend outside of the line of piling and lap the deep-water 
mattress about 20 feet ; it will be double the thickness of the latter. Work was be- 
gun on August 14, 1884, with one screen barge for building foot-mats, one pile-driver, 
and one grader-boat. On September 12 the work of building deep-water mattresses 
was begun ; good progress has been made, and it is expected that with favorable 
conditions of the river the projected work will be completed by December 1, 1884. 

The work done for the eleven months ending October 1, 1884, is as follows : 

Deep-water mattress made : 

5,539 by 140 feet ) ^ ^^ 

1,278 by 150 feet ^..squares.. y,OTi 

Deep-water mattress sunk : 

4,895 by 140 feet > , ^ .^ 

1,115 by 150 feet J .-..ao.... »,&^ 
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Deep-water mattress lost in sinking, 1,260 by 140 feet squares.. 1, 764 

Shore protection completed do 4, 466 

Earth removed by hydraulic grader cubic yards. . 30, 451 

Earth removed by hand grading do 3, 888 

Number of piles driven 338 

(See annexed tables for cost of work, material used, &c.) 

MEMPHIS HARBOR. 

The project for the protection of the harbor is to revet the banks in a manner sim- 
ilar to the work at Hopefield Bend, commencing at about 1,000 feet above the mouth 
of Wolf River, and extending th^ same to the end of the paved levee at the foot of 
Beale street. 

Owing to the depth of water, mattresses were to be constructed 200 to 300 feet wide, 
in order to reach the foot of the slope. 

During the high water of last spring the bank caved at a number of places along 
the city front. This caving continued until the river reached its lowest stage, in 
August, 1884. 

The locations are as follows : From the mouth of Wolf River to foot of Market 
street, a distance of 1,200 feet, the average caving is 85 feet, being 140 feet a short 
distance below Wolf River, 90 feet at middle of Memphis Compress Company's shed, 
70 feet at foot of Winchester street, and 25 feet at foot of Market street. 

A portion of the Compress Company's buildings were removed or caved in the river, 
viz, a cotton shed 178 by 48 feet, and platform 245 by 50 feet. 

The Panola Oil Mill Company lost part of their building, viz, frame portion 140 by 45 
feet, and brick portion containing their elevating machinery, 50 by 45 feet. Between 
the south side of market street and the Memphis Grain and Package Company's ele- 
vator no caving occurred. At the lower side of the elevator the caving was 300 feet 
long by 30 to 50 feet back, destroying a portion of the building, 226 by 96 feet, which 
contained three steam le^ or inclines used in loading and unloading steamboats, and 
caused the company to discontinue their large river business. 

At the Hanover oil mills a piece 150 feet long by 25 feet deep caved; this ex- 
tended back to the foundation walls of the mill, threatening to undermine them. 
For their protection two large loads of stone, containing 479 cubic yards, were given 
by the Government to the mill company and placed on the caving bank during tbe early 
part of June. This appears to have arrested the caving. 

At the foot of Jefferson street a piece of the paved levee, 130 by 75 feet, caved in. 
This was a top-l)ank cave, the piling below not being disturbed, and was probably 
caused by the whirls and eddies caused by a sunken barge just above. 

No other caving took place along the levees except a slight settling of the lower 
portion for a length of about 300 feet, between Jefferson and Court streets. Along 
the high bluff below the levee, caving took place at a number of places, only two, 
however, being of any extent. The first, between Linden and Pontotoc streets, was 
175 feet long by ^15 feet back ; the second, south of Vance street to the De Soto oil 
mUI, was 375 feet long by 113 feet back ; this carri«)d away the end of a large ice-house 
and a corner of tbe De Soto oil mills. 

All the above is along the city's water-front, where valuable busiuess properties are 
located. Work was begun July 29, by placing mooriug-barges in position about 500 
feet below the mouth of Wolf River. These were made from two coal shells and 
placed end to end, the total length being 350 feet. Two mattress ways, each 160 feet 
long, were placed end to end below, and a mat of the usual construction, 144 feet wide, 
built on each ; the space between of 12 feet was to be covered with brush poles and 
iron tie-rods, these making the mattress 300 feet wide. After building this 289 feet 
long, the drift had accumulated under the outer barge and mattress to such an extent 
that the first attempt to sink wide mats was abandoned and the outer mat dropped 
below the inner. 

On August 12, the construction of a mattress 300 feet wide was begun ; great care 
was taken in its construction and also in mooring it to the shore. 

Two five-eighths inch iron rods, ten one-half inch iron rods, and three five-eighths 
inch wire ropes were run through it longitudinally. It was held to the mooring barge 
by 1-inch and l^inch slip lines at every 16 feet across the head. Seven shackle lines 
from 1| to 2 inches diameter ran from tne head to the shore, whilst the mooring barge 
was held in place by nine lines of from 1^ to 2} inches diameter, all the lines having 
long leads. In addition the mattress was fa.stened to shore by diagonal lines running 
across it at about every 100 feet in length. 

After completing 690 linear feet, an attempt was made to sink. The entire mat was 
well ballasted and the bead sunk to the bottom, when it broke straight acro8M a ^hort 
distance below the middle. Tbe lower portion swinging around, was checked and 
sunk in front of the elevator. Another mattress 250 &et wide was immediately be- 
gun, additional strength being added in the shape of iron rods and cables; this also 
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broke when beiDf^ sunk, parting the iron rods and wire rope; aboat half of it was ae- 
oured and sank iu fiont of the blevator. Immediately after this second failure two mat- 
tresH ways were started to build mattresses 150 feet wide, the intention being to place 
wider mattresses on top of these as soon as material for their construction could be ob- 
tained, the fact being recoguized that in this deep water and strong current mat- 
tresaeK must be constructed much stronger than even heretofore. 

It is proposed to build the next mattress during low water, to make it 500 feet long 
and 250 feet wide, to bind to it longitudinally 13 three-fourths inch iron chains, 8 live- 
eighths inch iron chains, 3 2-iDch nianila ropes, 2 one-half inch sisal ropes, and trans- 
versely every 40 feet apart to place across the mat chains of one-half inch iron, all 
the iron chains to be made in links of 16 feet, well twisted together. Additional and 
heavier mooring shackles and diagonal lines will also be attached to the mattress. 

On the 30th September the bank was revetted with mattresses 150 feet wide, from 
500 feet above the mouth of Wolf River to 150 feet above Jefferson street, a length of 
3,925 feet. This revetment is doubled for a length of 960 feet between Winchester 
and Kxchange streets^ while in front of the elevator there are three thicknesses of 
mattresses. 

The work done for the eleven months September 30, 1884, is as follows : 

Peep- water mattress made : 

761 by 144 feet ^ 

e90by300feet I ^^^^^ 9506 

479 by 250 feet >.. squares.. »,5^ 

3,442 by 150 feet J 

Deep-water mattress sunk : 

761 by 144 feet 

365 by 300 feet 

300 by 100 feet )^....do ..-. 7,828 

240 by 250 feet 

3,158 by 150 feet 

Deep-water mattresses lost in sinking : 

225 by 300 feet } j,^ ^ oro 

239 by 250 feet : J....ao .... i,^i4 

Earth removed by hydraulic ^ader cubic yards.. 2,870 

Earth removed by hand grading do 3,620 

Shore protection completed squares.. 799 

Number piles driven 16 

(See annexed tables for cost of work, materials used, &>c.) 

PLANT. 

The following is a list of the plant on the reach : 1 tow-boat, 5 quarter-boats, 4 mat 
tress- boats (2 belonging to Lake Providence reach), 4 screen-boats, 1 machine-shop 
boat, I hydraulic grader, 4 mooring barges, 22 decked barges, 9 pile-drivers, 1 bakery- 
boat, 2 coal-shells, and 5 small fiat-boats. 

Estimated value, exclusive of two Lake Providence mattress-boats, $118,000. 

All the above is in servicealile condition. Upper cabins were added to two of the 
quarter- boats, thus nearly doubling their capacity. I have now accommodations for 
.500 labortTS. 

Our hydraulic grader was found too light to carry heavy pressure, so two pile-driver 
pumps were placed on one driver and connected. The old grader delivers the water 
to this pair uf pumps at a pressure of 100 pounds. The result is that the work done is 
nearly double what both machines would do singly at 140 pounds* pressure. 

Improvements were made to mattress- boats by placing platforms on each end, thus 
increasing the length b}' 12 feet and adding two more runs, so that mattresses are now 
built 150 feet wide instead of 140 as heretofore. 

Two mooring barges were built from coal shells and two from coal barges. All are 
well strengthened with iron tie- rods and well supported with bitts, cavils, chocks, &c. 

A bakery-boat was fitted up with two large, wronght-iron ranges. Two small barges 
were built for distributing supplies ; a tug was chartered by the day to do the work 
on the reach. The steam launch Daphne exploded her boiler on August 21, killing 
three men. 

SURVEYS. 

A survey party was organized in June, and triangulated the reach from Island No. 
40 to the head of Vice-President's Island. The bank and bar lines have been located 
and compared with surveys of former years. Forty-six ranges were established and 
sounded . Soundings were repeated every ten days on ranges where revetment had 
been placed, to determine if possible if any changes took place in depth of channel due 
to revetment. 

These soundings were also compared with those taken in 1882 and 1883. From the 
data collected it la impossible to determine whether or not the channel deepens along 
the revetted bank. 
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The banks have caved at a mimber of places. Above the month of Wolf River, the 
caving extended 2,700 feet as foUows ; (1) 1,000 feet, 80 feet back; (2) 1,000 feet, 100 
feet back : above, 30 feet back ; area covered, 4^ acres. 

Just below month of Wolf Biver, bank has caved 600 feet since 1867, 250 feet since 
1877, 40 feet during past year. Area covered between month of river and foot of 
Market street, 2^ acres. 

The length of the caving on Hopefield.Bend was 8,750 feet ; average width, 400 feet ; 
area abont 80 acres. 

Above Monnd City Chnte the length caved is 3,500 feet ; width averace 50 feet ; area, 
4 acres. Very little caving occurred above Old Hen Island, although for several years 
back there was consideralSc there. 

The sand-bar opposite Memphis has increased in size, narrowing the river very much 
during low stage. Comparing the surveys of 1882 and 1884, both taken at the 11.4 
stage, the encroachment of the bar towards Memphis side, is 750 feet. The width of 
river at foot of Jefierson street at 11.4 stage was 1,650 feet in 1883, and 1,300 feet in 
1884. 

The bar opposite Hopefield Bend moved down 3,000 feet since October 1883, the 
width of river at 11.4 stage being 1,590 feet. 

Total revetment completed November 1, 1883, to September 30, 1884. 

Squares. 

Hopefield Bend 12,991 

Memphis Harbor : 8, 627 



Total 21,618 



Cost of above {not including plant and equipment). 

Survey 

General service, coaling steamers 

General expense, office and fleet 

Tow-boat service 

Construction and repairs to plant and machinery 

Bevetment : 

Hopefield Bend 

Memphis Harbor 



$2, 030 06 
502 28 
19, 306 28 
15, 415 61 
14, 623 27 

56, 198 10 
39,094 12 

147, 169 72 



Cost of revetment per square of 100 feet 

Cost of revetment per linear feet of bank for mattress 150 feet wide and 
shore work 100 feet, on slope of 1 on 3 (approximate) 

Table 1. — Hydraulic grading, 
HOPEFIELD BEND. 
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* Suspended on account of high water. 

t Of this amount 2,780 cubic yards have been graded at Memphis Harbor. 
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Table 1,-^Hydraulio grading — Continued. 



WITH PILE-DRIVER, No. 37, M. R. C. 











i 


Average 


i 




Composition of 


1 


i 












A 


pressure in 




1 




material. 


^ 


«s 










Time worked. 


i 

1 


pounds per 






a 


1 

1 
1 

o 




Ten days 
ending— 


1 
1 


• 

! 

•g 


square 
inch. 


Strokes per i 


Btuh. 


1 




1 


o 

1 
1 


• 




• 


1 


'S > 


1 


1888. 




Hours. 




Pr.etPr.etJPr.et. 


ou. 




Dec. 20 


200 


820 


45 


18 


00 


155 


100 


70 


86 


10 ' 4 


8.5 


35 


$60 94 


31 


220 


830 


60 


14 


00 


165 


120 


45 


90 


8 2 


7.2 


27 


59 45 


Total 


420 


1,660 


105 








115 




1 




129 3S 


















30.4 




Average. 








16 












7.8 










1 








1 





Table 2. — Record of pile-driver^ 

HOPBFIELD BEND. 
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Table 3. — Construction of mattresses^ Memphis Rarhor, 



July 20-31 . 

Aug. 1-10. 
1-10 
11-20 
11-20 
21-31 
21-31 
21-31 

Sept 1-10 

1-10 

11-20 

11-20 

21-30 



Mattresses made. 



Date. 



1884. 



Total squares. 



Size. 



Feet. 
200 by 144 
378 by 144 
183 by 144 
457 by 300 
600 by 150 
233 bv 300 
465 by 150 
106 by 250 

1, 149 by 150 
373 by 250. 
576 by 150 



652 by 150 



9, 526. 3 



Mattresses sunk. 



Date. 



1884. 



Aug. 5 
Aug. 9 



Aug. 22 
Aug. 26 
Aug. 26 
Aug. 29 
Sept. 6 



Sept. 11 
Sept. 11 
Sept. 25 



Size. 



Feet. 



289 by 144 
472 by 144 



600 by 150 
365 by 300 
300 by 100 
425 by 150 
240 by 250 



3501by 150 
875 by 150 
908 by 150 



7,827.8 



Mattresses lost in sink- 
ing. 



Date. 



1884. 



Aug. 26 



Sept 6 



Size. 



Feet. 



225 by 300 



239 by 250 



1,272.5 
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Table 4. — Construction of mattresses, Hopefield Bend, 



Mattresses lUAde. 



Date. 



1883. 
Kov. 1-10 

11-20 

21-30 

Deo* 1-10 

11-20 

21-31 

1884. 

Jan. 1-10 

Sept 11-20 

21-30 

Total squares 
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Mattresses lost in sink- 
ing. 


Size. 

Feet. 
837 by 140 
1, 100 by 140 
1, 057 by 140 
862 by 140 
802 by 140 
700 by 140 


Date. 


Size. 


Date. 


Size. 
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Nov. 6 
Nov. 20 


Feet 
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1883. 


Feet. 
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Deo. 5 
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Dec. 31 
1884. 
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190 by 140 
210 by 140 




I - — .f — 














181 by 140 
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Sept 27 
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8, 525. 5 


1,764.0 
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Appendix H. 

KBPORT OF CAPTAJN CLINTON B. SEARS, CORPS OF ENGINEERS, UPON OPERATIONS 

IN THE THIRD DISTRICT. 

(Capt. W. L. Marshall, Corps of Engineers, U. S. A., in charge to April 21, 1884 ; Capt. 
C. B. Sears, Corps of Engineers, U. S. A., in charge since April 21, 1884.) 

I.— Lake Providence Reach. 

The extent of this reach, its physical characteristics, and the general project for 
its improvement, were fully set forth in the last annual report of Capt. W. L. Mar- 
shall, Corps of Engineers, and published in the Commission's Report for 1883. The 
work of the year has been a continuation of the work previously started, and has 
been carried on by similar means and with the organization then obtaining. 

(1.) Dunoanahy to Stack Island. 

Assistant Engineer Arthur Hlder, in immediate local charge, assisted by Assistant 
Engineer Childs, in charge of mattress and revetment work ; Assistant Engineers 
Rnple and Tollinger, in charge of dike work ; and Assistant Engineer Thompson, in 
charge of surveys and observations. 

DUNCANSBY SYSTEM. 

The additional dike on Range 36, under way at last report, has been fLnished, and 
some repairs have been made in the main dike near the head, joining the outer ends 
of Cross-dikes 6 and 7, and gaps in these cross-dikes have been closed. 

The chaimel continues to encroach upon the dikes at the upper end, and will prob- 
ably continue to do so nntil the revetment of Pilcher's Point Bend shall have been 
completed. No further work is recommended here, except such repairs as circum- 
stances may dictate from time to time, to avert the river goiug down through Skip- 
with Chute, should such danger threaten. 

MAYERSVILLE SYSTEM. 

Cottonwood dikes, — This is new work, and has been constructed during the past sea- 
son. It is shown on the progress sketch. Its object is to contract the channel way, 
regularize the channel, and hold it in the bend of Mayersville Island (No. 93). 

A new feature in these dikes is a parallel interior longitudinal dike in addition to 
the usual cross-dikes. Their construction has resulted in a considerable fill below and 
behind them, thus building up the bar and keeping the channel on the other side. 
The whole of the work is in good condition, and is the most compact and symmetrical 
piece of dike- work on the reach. 

DIKES IN MAYERSVILLE CHUTE. 

The object of the work here is to close the chute behind Mayersville Island (No. 93). 
The five-row cross-dike finished last fall stood through the flood of 1884 until April 
21, when a gap some 125 feet in width took place. This gap has since been closed. 

The channel is encroaching on the head of these dikes, and has carried away all but 
600 feet of the longitudinal dike. This will result in no material injuries to the sys- 
tem if the chute can be closed and the head of the island held. It is proposed to bring 
this about by more cross-dikes below the present one, and by extra mattressing round 
the head of the island. 

REVETMENT OF MAYERSVILLE ISLAND. 

The work here has consisted in the repair, extension, and strengthening of the work 
of last year. The island is all saud, and the current along its front is strong. 

Most of the revetment has stood reasonably well, considering these facts. Whether 
the head of the island will hold against the encroachments of the main channel is 
problematical. If it does it will be a satisfactory test of the efficacy of this mode of 
revetment, though at best it will always need watching and immediate and frequent 
repairs. In this connection attention is called to Assistant Engineer Childs's sub- 
report, marked Appendix H 3. 

BALESHED SYSTEM. 

*The laying of foot-mats at the head of the system was finished last winter before 
high water. 

During the season just past a high-water dike has been built in rear of the main 
(low- water) dike from Cross-dike 1 to 4, and extended down outside of main dike to 
Cross-dike 6. 

A cross-dike from the Mississippi shore to the main dike at a point about 2,000 feet 
above Stack Island has been built, and the main dike from this point to the island has 
been re-enforced by an interior longitudinal dike. 
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Id addition some repairs have been made in Cross-dikes 3 and 4 and the main dike 
between Cross-dikes 5 and 6 has been strengthened by sinking condemned barges in 
front. 

The Baleshed system shuts off a long^ continuous line of chute. The head of the 
system is now essentially dry at half stage. The first depression occurs at Cross- 
dike No. 5. From here to the foot of Stack Island is 4^ miles, representing a fall 
of about 16 inches; that is, were the pool behind the dike at No. 5 at the same level 
as at the foot of Stack Island, the water pushing through the dike would have a 
straight drop of 16 inches. 

The steep slope of the water surface gives high velocity, and this has caused trouble 
at this point. It is proposed to break up this fall by two or more cross-dikes, thus 
making a series of pools. For further details, see reports of Assistant Engineers 
Hider, Childs, Ruple, Tollinger, Thompson, and Steubing, herewith, marked Appen- 
dices H, H3, H4, H5, H6, H8. 

(2.) Piloher's Point (Louisiana) Bend, 

Assistant Engineer J. E. Turtle in local charge, assisted by Assistant Engineer H. 
Steubing. 

The work of upper and lower bank revetment in this bend has been pushed rapidly 
since the fall of the water, and there is every prospect of finishing the greater portion 
before the next rise. The lower bank revetment at the upper end, put in last Novem- 
ber and December, was found to be in good shape this season, and no caving took 
place. 

The part revetted at the middle of the bend, as might be expected, was flanked from 
above and eaving took place behind it. As far as can be ascertained by a diver, this 
revetment is intact and lying on the bottom of the river in the same vertical prism 
of projection ai^ first placed. It has simply assumed a horizontal position. Efforts 
will be made to lap on to this with the new work. It is a reasonable supposition that 
had this mat been protected at the upper end, and the upper bank been revetted, the 
caving would not have occurred. 

For further details of this work, see the report of Assistant Engineer Turtle here- 
with, marked Appendix H 2. The map herewith, marked Appendix H, Plate VII, 
will show the progress of the work. 

FINANCIAL STATEMENT. 

Lake Providence Beach. 

Balance available November 1, 1883 $156,327 93 

Additional allotment from unallotted reserve 67, 200 00 

Amount transferred from Vicksburg Harbor allotment 42, 295 00 

Amount allotted from appropriation of January 19, 1884 400, 000 00 

Amount allotted from appropriation of July 5, 1884 300, 000 00 

965, 822 93 



Expended from November 1, 1883, to September 30, 1884 : 

Services 223,366 21 

Material and supplies 213, 807 18 

Subsistence 50,430 20 

Plant, tools, and repairs of same 65, 269 00 

Charter of steamers, barges, &c 9,305 00 

Fuel : 28,623 80 

Miscellaneous 25,223 88 

General service 18, 711 41 

Total expended 634.736 68 

Transferred to levees, Yazoo and Tensas fronts, $10,000 each 20, 000 00 

Transferred to levees, fourth district 27, 000 00 

Transferred to levees, general service 10, 000 00 

Amount paid R. Moore on account of dredging in Vicksburg Harbor 10, 593 58 

702, 330 26 

Balance available October 1, 1884 263,492 67 

Balance in Treasury 200,000 00 

Balance in hands of Captain Sears 63, 492 67 

263,492 67 
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(3.) Summary. 

The original condition of the ohannel-way along the Lake Providence Reach was 
bad, the ^annel beinji: flat, badly defined, and often with only 5 feet of wat>er. 

The original project for improvement was the oarrowing of the waterway to 3,000 feet 
by closing the chntes and creating artificial banks through deposition, and the pres- 
ervation of the natural curves of the river by revetting the caving banks. 

No important amendments, alterations, or additions have been made in the general 
plan. Some details of construction have been changed from time to time as experi- 
ence demanded. 

The total amount expended to November 1, 1883, was $1,228,916.47. At that date 
the availability for the purposes of navigation and commerce of the channel had been 
greatly improved, there being throughout the reach a depth not less than 12 feet, 
with a fair navigable width. 

During the eleven months from November 1, 1883, to October 1, 1884, there have 
been expended $634,736.68, and the channel- way has shown a betterment in ttie regu- 
larity of outline, in width and depth, there having been no water less than 15 feet 
along the channel- way, though less depths have been reported by commercial steam- 
ers j they were, however, not in the deepest portion of the channel, either through 
accident or by reason of there being sufficient water for the boats on the line trav- 
ersed, hence no need to follow the line of deepest water. 

There has been throughout the low-water season, to date, a deeper channel by from 
6 to 7 feet than has obtained on the river for 40 miles above the Lake Providence 
Reach. 

The works generally have stood the last flood very fairly, the damages that have 
occurred having been due to local causes. 

No extended caving has occurred as yet where the bank revetment has been com- 
pleted in good shape. 

During the year ending October 1, 1885, $400,000 can be profitably expended to- 
wards carrying out the project for the improvement of this reach. With this it is 
proposed to revet some 25,500 linear feet of bank, at four places, viz : 

Feet. 

Miss. R. 30 to R. 34 7,500 

Miss. R. 44itoR. 49 9,000 

La. R. 72 to R. 74 3,500 

La. R. 86 to R. 89 5,500 

Total 25,500 

To build in Mayersville and Baleshed chutes 3,000 linear feet of dike, to wattle 
dikes already constructed, to repair existing dikes and revetment, to repair plant, 
and to pay for transportation, administration, and surveys. 

The advantages and benefits to be expected therefrom are the continuation of the 
project adopted by the Commission, and the maintenance of the present good low- 
water channel. 

An estimate for the entire and permanent completion of the work of improvement 
on this reach I am unable to give, not knowing the intentions of the Commission as 
to the ultimate extent of the work. 

As this work is only one link in the chain of general improvement of the river, the 
amount of commerce and navigation that will be benefited is thac incident to the 
whole river, a statement of which has already appeared in the previous reports of 
the Commission. 

The present estimated value of the plant, tools, and outfit on hand, belonging to 
the reach, is $300,000. 

II. — ViCKSBURQ Harbor. 

(Assistant Engineer H. St. L. Copp^e, in local charge. ) 

The work here consists of the improvement of the harbor proper and the mainte- 
nance of Delta Point, in Louisiana, opposite Vicksburg. 

The former is entirely local in character, and would add nothing to the general im- 
proveme.nt of the river. 

No funds were allotted from the last two appropriations, and no work has been done 
except a survey in June, 1884. This showed a tendency of the channel above the 
town of Vicksburg to cut into the bar across the mouth of Centennial Lake, and that 
the basin partly dredged in 1883 has remained practically unchanged. 
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I 

DELTA POINT, LOUISIANA. 

The holdipg of this point is deemed essential to prevent further recession of the 
river from Vicksburg and to maintain the regimen of the river immediately below. 
The point has been held by brash and stone revetment against a fierce current for two 
years, but at great expense for repairs and enlargement. There is no reason to sap- 
pose that, extensive repairs will not be necessary annually unless the river, due to 
changes in the* curvature above, changes over so as to leave this point in slackwater. 

In January last an attempt was made to repair the revetment, but work was stopped 
by a rapidly-rising river before much had been done. 

Early in August, with plant borrowed from the Lake Providence Reach, work was 
resumed and pushed as vigorously as the climate and class of labor available would 
permit. It consisted of extensive repairs to the upper and lower bank revetment at 
the upper end, and of a continuation of the same at the lower end. It was finished 
October 10, 1884, and the plant returned to the Lake Providence Reach. For further 
details attention is called to the report of Assistant Engineer Coppee, herewith, and 
two drawings, marked Appendix H 9, Plates X, XI, respectively. 

The total expenditure on Vicksburg Harbor under the Commission, to date, has been 
$147,754.44, and of this about $100,000 has been expended on Delta Point. Previous 
to the Commission taking charge, $203,229.87 had been expended on Delta Point. 

If the revetment holds all right during the coming year no money will be needed 
for this improvement, but as it is probable that weak places will develop, it is thought 
that it will be advisable to have $10,000 available for possible repairs. 

FINANCIAL STATEMENT. 

Vicksburg Harbor. 

Balance available November 1, 1883 $55,477 60 

Balance available from Delta Point allotment 7 64 

Amouot allotted from appropriations of July 5, 1884 25, 000 00 

Total 80,485 24 

Expended from November 1, 1883, to September 30, 1884 : 

Services $12,746 47 

Material and supplies ..-•- 5,770 18 

Subsistence 2,439 10 

Plant, tools, and repairs of same 299 38 

Charter of steamers, barges, &c 645 19 

Fuel 829 10 

Dredging (retained percentage) 4, 235 41 

Miscellaneous 504 72 

Total expended 27,469 55 

Transferred to Lake Providence Reach allotment 42, 295 00 

69,764 55 

Balance available October 1, 1884 .' 10,720 69 

Balance in hands of Captain Sears 10,720 69 

IjSi VSJBo. 

The unfinished contracts for levees on Yazoo Front were completed in December, 
1883. During the last flood none of the levees on this frdnt built or repaired by the 
United States gave way, but they were damaged by wave-wash to the amount of 
$40,000 and were only held by the energetic exertions of Captain Marshall, aided by 
the local inhabitants. About $11,000 were expended in protectiug them with planks 
and sand-ba^s, and in raising them in the face of the flood. About 23,000 sacks and 
10,000 feet ot lumber were used. 

The same exertions on the Tensas Front saved many miles of levee, but were not 
so entirely successful in averting breaks. A number of breaks took place from Delta 
to Bedford, one break at Raleigh, and considerable damage from wave wash. The 
amount expended for protection on this front was about $18,000. Over 47,000 sacks 
and 23,100 feet of lamber were used. 

The Commission at its last meeting made an allotment of $160,000 for the general 
repair of United States levees in the second, third, and fourth districts, to be divided 
by the United States Board of District Officers. Besides this, it allotted $25,000 for 
the levee from Arks^nsas City to Amos Bayou, provided sufficient means should be 
guaranteed by the local authorities to complete this levee. Up to date this guarantee 
nas not been given. 
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The United States Board of District Officers allotted of the $160,000, $90,000 to the 
Tensas Front, fourth district, $50,000 to the Tensas Front, third district, and $20,000 
to the repair of levees on the Yazoo Front, second district, providing the local levee 
board, on or before Septei^ber 10, guaranteed to expend $500,000; in default of this, 
the $20,000 was to go to the repair of levees on the Yazoo Front, third district. 

This guarantee not having been srlveu by September 10, this sum reverted as indi- 
cated, and steps were taken in the latter part of September to provide for its expendi- 
ture. 

September 5, advertisements for repairing gaps at Raleigh and Delta, La., were pub- 
lished. The bids were opened September 15, and the contract for both pieces was 
awarded to George Arnold, the lowest of fifteen bidders, at 17f cents per cubic yard 
for the Raleigh work, and 18f cents per cubic yard for the Delta work. Work was 
begun immediately and is now progressing. 

FINANCIAL STATEMENT. 

Levee9 — Yazoo Front. 

Balance available November 1, 1883 -. $20,213 68 

lYansferred from allotment for protection of cut-off at Tarpley's Neck 3, 000 00 

Transferred from Lake Providence Reach 10,000 00 

Allotted appropriation of July 5, 1884 20,000 00 

Total 53,213 68 

Expended from November 1, 1883, to September 30, 1884 : 

Services $3,278 53 

Labor and material, protection of levees 12, 199 75 

Subsistence - 41 84 

Plant, tools, &c ' 17 00 

Contractors, estimates 13, 633 21 

Miscellaneous 449 10 

29, 619 43 

Balance available October 1, 1884 , 23,594 25 

In Treasury 20,000 00 

In hands of Captain Sears 3,594 25 

Total 23,594 25 

Leveeea— Tensas Front 

Balance available November 1,1883 $57,683 51 

Amount allotted, appropriation of January 19, 1884 10, 000 00 

Amount transferred from Lake Providence Reach allotment 10, 000 00 

Amount allotted, appropriation of July 5, 1884 50, 000 00 

Amount deposited by Captain Marshall on account of error in his accounts. 1 50 

Total 127,685 01 

Expended from November 1, 1883, to September 20, 1884 : 

Services $5,383 42 

Labor and material, protection of levees 16, 935 35 

Subsistence 161 50 

Plant, tools, &c , 74 60 

Contractor, estimates 47, 358 47 

Miscellaneous.. 585 20 

70, 498 54 

Balance available October 1, 1884 57,186 47 

In.Treasurjr 50,000 00 

In hands of Captain Sears 7,186 47 

Total 57,186 47 

The following drawings accompany this report : 

LAKE PROVIDENCE REACH. 

One map showing velocity and discharge-section curves, marked Appendix H, 
Plate III. 
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One tracing showing changes in discharge section, marked Appendix H, Plate IV. 

Three tracings, Plates VII, VIII, IX, showing condition of works October 1, 1884, 
marked Appendix H. 

One traciug of comparative sections, Pilcher's Point, marked Appendix H, Plate VI. 

Oue tracing of comparative sections in chutes, marked Appendix H, Plate V. 

One tracing July quarterly survey, rtrhiJi scale, marked Appendix H, Plate I. 

One map discharge carves, area, velocity, and discharge, marked Appendix H, 
Plate II. 

VICK8BURG HARBOR. 

One tracing showing Vicksburg Harbor and Delta Point, marked Appendix H, 
Plate X. 
One tracing showing details of work at Delta Point, marked Appendix H, Plate XI. 

Respectfully submitted. 

CLINTON B. SEARS, 

Captain Engineers, U, S. A. 



HI. 

REPORT OF ARTHUR HIDBR, ASSISTANT ENGINEER, UPON OPERATIONS LAKE PROVI- 
DENCE CONSTRUCTION PARTY. 

Wilson's Point, La., October 1, 1884. 

Sir : The following report of the operations of the Lake Providence construction 
party, from November 1, 1883, to October 1, 1884 (eleven months), is respectfully sub- 
mitted : 

The portion of the river known as the Lake Providence Reach extends from Car- 
olina to Hays' Landing, Miss., a distance of about 35 miles. The crossings on the 
lower portion of the. reach, between Island 93 and Island 95, have heretofore been 
troublesome, on account of shallow water, during the low stages of the river; in fact, 
this part of the reach of late years has been considered, at low water, the shoalest 
part of the river between Plum Point and New Orleans. 

The depths on some of the crossings, in former years, have been not more than 5 
feet, with a very narrow channel, rendering navigation for boats of large size im- 
practicable during the low- water period. 

The original project for the improvement was, the contraction of the river at ex- 
cessively wide places, the revetting of cavins banks, and closing the island chutes. 

The work now in progress and that which nas been completed has been revetting 
the Louisiana Bend and the front of Mayersville Island with mattresses ; closing the 
Duncansby, Mayersville, Baleshed^ and Stack Island chutes by a system of pile 
dikes; and the construction of a system of dikes on Cottonwood Bar, to contract the 
width of the river at that point. 

The effect of the work that has been finished is shown in an increased depth of 
water on all crossings which were heretofore shoal during the low stages of the river. 

The least depth of water found at any point in a channel 1,000 feet wide, from Elton 
to Stack Island, was, August 30, 10 feet; this increased to 14 feet September 9, and 
September 30 the depth was 15 feet. Below is given the least depths found in a chan- 
nel 1,000 feet wide, on the Stack Island Crossing ; also the least depths on the crossing 
from Ben Lomond to A Wiley, with dates and gauge-readings at Lake Providence. 
There has been at all times a channel for steamboats on the Stack Island Crossing as 
usually run by them of at least 15 feet in depth. The depths as ^iven in the table 
are the least depths found in a channel 1,000 feet wide on the crossing. 

Shallow Crossings, Lake Providence ReacJh, 



Date. 



LakeProvi- 

denceeauge* 

reading. 



1884. 

Angnst 9 

AngnntlQ , 

August 30 , 

September 9 , , 

September 19 

SeptemberSO 



15.5 
12.6 
8.9 
9.1 
6.6 
5.8 



Stack Island, Ben Lomond, 
1,000-foot i l.OOOfoot 
channel. | channel. 

Least depth, i Least depth. 



Feet. 





Feet. 




18 




24 


14 




12 


10 




14 


14 




17 


17 




11 


15 




U 
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Ben Lomond Crossing Ib about 3 miles below the head of Stack Island. The lowest 
point where improvement works have been constructed is at the head of Stack Island. 
During the present low- water season there has been no difficulty experienced by 
steamboats in navigating any part of the reach. 

For the same period covered by the soundings as given above, the least depths in 
steamboat channel on the Sterling Crossing, 4 miles, and Leland, 35 miles above Car- 
olina Landing (the beginning of Lake Providence Reach) were as follows: 

Cro88ing8 above Lake Providence Beach, 



Date. 



1884. 

August 8 

Aiiffaat20 

September 1 

September 11 

September 13 

September 27 



Lake Provi- 
dence gauge- 
reading. 



Sterling (4 , Leland (35 

miles above ; miles above 

reach). Mach). 



15.5 
12.0 
8.5 
9.3 
8.9 
5.7 



Fe0t. 



F$et. 



8 


9 


8i 


^ 


9 


8^ 


9 


8 


9 


8 


9 


7 



This shows a marked improvement in the channel depths on the reach, at the shoal 
places, compared with that found in the river immediately above. 

The amount expended for labor on the improvement from Duncansby to Stack Isl- 
and is given below in the following statement : 



Co9t of labor and subHstenoe. 



Pay-roll. 



Mattress construction and bank protection. 

Dike construction 

Surveys 

Tow-boat service . . 

Construction and repairs to plant, &c 

Care of property 



$44,915 
40,673 
10,347 
19, 951 
34.579 
6,914 



09 
63 
15 
84 
16 
14 



Total I 157,381 00 



Subsist- 
ence. 



$10, 956 93 
9,993 66 
3,006 54 
3, 379 59 
4, 813 72 
2, 215 17 



83,865 61 



Total. 



$55,872 02 
50.667 29 
12,353 09 
23.331 43 
39, 392 87 
9, 129 31 



190, 746 61 



The average cost of a ration, including ice, in the warm months, has been — 

Cents. 

Cost of raw material 29. 6 

Cost of ration served 37. 3 

Cost of ration for each day's labor secured 43. 3 

The maximum number of men employed in any one month has been 716 ; the min- 
imum, 111. 

During the next year the following amount, to continue the improvement as laid 
out in the original project, can be profitably expended in revetting caving banks and 
in dike constructions : 

Bank protection to prevent caving. 

Linear feet. 

FromR. 30 toR. 34, Mississippi 7,500 

Prom R. 44i to R. 49, Mississippi 9,000 

From R. 72 to R. 74, Louisiana 3,500 

FromR. 86 to R. 89, Louisiana 5,500 



Total 26,500 

25,500 linear feet, at $10.12 $258,060 

Pile dikes, Mayersville and Baleshed chutes : 

3,000 linear feet, at $7.25 $21,750 

Wattling dikes already constructed at Baleshed and Stack Island 5, 000 

Repairs to dikes and revetment , 15, u. 

Tow-boat service , 25,000 

Repairs to plant 40,000 

Care of property 10,000 

Contingencies 5, 190 



Total amount that can be profitably expended 380, 000 
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The construction of mattresr^s and revetting of caving banks has been under the 
direction of As^iHtant Engineer William M. Childs, the dike work under Assistant 
Engineers C. P. Ruple and E. C. Tollinger. Assistant Engineer Henry Steubing had' 
charge of unloading stone and distributing same on revetment of Mayersville Island, 
and, for a short time, was engaged in foot-mat construction. On August I he was 
transferred to the work at Pilcher's Point. 

The surveys made have been under Assistant Engineer E. D. Thompson. 

Reports showing in detail the work done by each assistant are transmitted. 

At the close of last season the following work was in progress, viz : 

The construction of an additional dike at the head of Duncansby system: revetting 
the face of Mayersville Island ; completing foot-mats, &c., at the bead oi the Bale- 
shed system of dikes. 

This work was all completed before the high water, with the exception of a portion 
of the mattress- work near the lower end of Mayersville Island. 

The work done during the present season has been : The construction of the Cot-' 
ton wood system of dikes ; the building of a high- water dike in rear of Baleshed main 
dike, from Cross-dike 1 to 4, and extending same on outside of main dike to Cross-dike 
G ; the construction of a cross-dike acrosa Baleshed Chute, above the head of Stack 
Island, from the Mississippi shore to the Stack Island main dike, and thence to the 
head of Stack Island ; repairing damages to dikes from the flood ; building dike from 
the outer end of Dike 6 to 7, Duncansby system ; repairing revetment on Mayersville 
Island, and covering the upper revetment with additional stone. For location of 
dike, &Cj see sketches I and 2 herewith. 

EFFECT OF THE LAST FLOOD ON THE CONSTRUCTION WORKS. 

The dike- work generally withstood the flood with but comparatively little damage*. 
The principal injury done was to the dikes at the upper end of the old Duncansby 
Tow-head ; the outer ^nds of the cross-dikes above No. 7 were cut off during the hign' 
water ; the upper Duncansby Tow-head has entirely disappeared ; the steamboat chan- 
nel is now w^ere the tow-head was the previous season. 

This damage is due to the rapid caving of the banks in the Louisiana Bend forcing 
the main channel of the river to the Mississippi side below Pilcher's Point. The chan- 
nel is now along this shore to the head of the Duncansby Dikes, at which point it 
again crosses back to the Louisiana side. 

The current thus forced against these dikes has had the effect of undermining them 
at their outer ends, and of caving away the tow-head, which was of sand and unpro- 
tected. The encroachment of the channel upon the bar at the upper end of the Dun- 
cansby Chute will continue until the bend above Pilcher^s Point is prevented from 
further caving by the revetment work now in progress there. 

Gaps were broken in Dikes 6, 7, 8 in Duncansby Chute during the high water. The 
gaps in each of these dikes were about 100 feet in width. The breaks were in the 
deepest water of the chute. 

The low-water dike constructed in 1882, from Wilderness Landing to the head of 
Mayersville Island, was scoured out during the flood, except about 600 feet nearest 
the Misssiusippi shore, which remain intact. This undermining was due to the deep- 
water channel working in towards the head of the island. 

The cross-dike in Mayersville Chute stood during the high water of February, March, 
and part of April. A gap about 125 feet in width occurred April 21, releasing a part 
of the large drift} accumulation which had lodged in front of the dike. The effect 
shown immediately afterwards was the washing out of a hole 20 feet in depth through 
the gap. 

The chute is now nearly dry in the vicinity of the dike, and the effect on the 
bottom is noticeable immediately at the break, and for about 800 feet below, where 
a deep hole has been scoured out. 

The only assignable reason for the failure of this dike seems to have been from the 
pressure of drift in front ; the drift, not extending to the bottom, caused a scour at 
the foot of the piles and weakened the dike, which was then unable to withstand the 
pressure from the front and gave way. 

At Baleshed, the only breaks that took place were in Cross-dikes 4 and 5, in which 

gaps of about 200 feet in width occurred. The upper of these dikes had considerable 
rift in front of it and is in an exposed situation when the water is over the 20-foot 
stage, being located immediately below where the low-water and high-water main 
dikes join. 

The above comprises all the damage done to dike- work by the last flood ; about 18^ 
per cent, of the dike- work constructed previous to November 1, 1883, was washed out. 

At Duncansby and Wilderness the dikes gave way by undermining, caused by en- 
croachments of the deep-water channel. 

In Duncansby, Mayersville, and Baleshed chutes the breaks were due to drift. 

The revetment work on Mayersville Island withstood the effect of the flood, with 

H. Ex. 64 17* 
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the exception of two slides in the revetment near the head of the island, and about . 
5,210 feet at the lower end, where the bank is low ; at this point the river cat behind 
the revetment, and it caved in. 

The damase occurred to the work at the upper end of the island immediately after 
the flood, while the river was falling rapidly ; at the lower end of the island the in- 
jury was done during the flood ; nearly 27 per cent, of the work done during the sea- 
son on the island washed out during the high water. 

Dunoansby Dikes, present condition of the improvements, — The damage to the dikes at 
the head of the Duucausby system still continues and will, in all probability, not cease 
until the river at this point adjusts itself to the conditions above, and assumes a more 
symmetrical shape. 

The gaps iu the chute in Cross-dikes 6 and 7 have been closed, and a dike driven 
joining the outer ends of 7 and 8. From present indications it is probable that the 
river will cut the outer ends of 7 and 8 still further back, as the channel is now work- 
ing in that direction, and there is a strong current thrown against this part of the 
work. 

Mayersville Dikes. — The gap in Cross-dike 1 has been repaired. This dike will need 
strengthening to stand the next high water. The deflecting dike built in 1882 at the 
head of the cnute was washed out during the flood. 

Cottonwood I>ikes. — ^These dikes are all in good condition. 

Baleshed Dikes,— The gap iu the main dike, which occurred while the stage of the 
river was about 10 feet below high water, as well as the gaps in the Ctoss-dikes 3 and 
4, which occurred during the flood, have been repaired; tnis system of dikes is now 
in good condition. 

Stack Island Dikes, — ^The dikes here are all intact. 

Mton Dikes. — The outer ends of these dikes have been cut off during the flood ; but 
not before they had served the purpose for which they were originally constructed. 
For location, ^c, of dikes, see sketches herewith. 

Mayersmlle Inland. — The work from the bead of the island to a point 8,300 feet be- 
low is in good condition, except about 1,200 feet next to the head, where the mat is 
broken in a few places next the bank. • 

Slides in the revetment have taken place ; this will require about 1,000 feet of new 
work from the head of the island down. 

MSTHODS OF CONSTRUCTION. 

No material changes in the method of construction have been made during the pres- 
ent season from that in practice heretofore, described in the report of last year's opera- 
tions. 

In the construction of dikes, instead of cotton wood braces, two cypress planks 3 by 
8 inches, one fastened on each side of the pile, with an abutting piece mortised into the 
plank, have been used to a great extent. These are more rapidly put in place, and 
although the first cost is somewhat greater, it is believed that the saving of time 
more than compensates for the additional cost, besides giving a better brace. 

The use of cypress for the construction of dikes is recommended both for piles and 
braces ; cottonwood will last but two or three seasons, when exposed, while the life 
of cypress is much greater and will allow of much more satisfactory work being done. 

A steam hammer has been tried for driving piles, which gave quite satisfactory re- 
sults. The leads of the driver upon which it was used have been lengthened, so as 
to give it further trial. We were able to drive piles from 5 to 8 feet, after the limit of 
penetration had been reached with the ordinary drivers and with comparatively lit- 
tle battering of the heads. 

The practice in mattress construction has been to make them continuous, joining 
the grillage laid on the slope of the bank with the mattress before sinking, so as to 
make the construction continuous from the top of the bank to the outer edge of the 
mattress. 

Before sinking, the flotation of the mattress is nearly destroyed by ballasting it 
with stone distributed over the surface ; it is then sunk in position, beginning at the 
head and retaining the lower end of the mattress on the weaving barge, so that sink- 
ing and building mattress can proceed at the same time. 

No loss of mattress occurred this season while sinking. 

The experience of last year shows that where damage has occurred to mattress- 
work it has generally been by sliding of the bank. The lower part of the slope just 
below the low- water line is the point that first gives way, in many instances the 
mattress tearing apart from the bank revetment proper, leaving a space at the foot 
of the bank slope exposed without protection to me eroding action of the current* 

It would appear that a stronger form of revetment than that afforded by the ordi- 
nary brush construction used heretofore will be required to connect the subaqueous 
mattress with the revetment laid on the slope of the bank in order to ^nsure satis- 
factory results. 
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Below is a list of the floating property constituting the plant : 

List of boaU, barges, pile-drivers, fo., constituting the plant belonging to the reach, of which 
five small barges, 75 by Ibjeetf and one,.&S by 16 feet, were htilt on the works. 



Classifloation. 



Tow-boate 

Graders 

Mattreas-boats 

Do 

Screen-boats 

Qnarter^boats 

Do 

Do 

Do 

Do 

Do 

Machine-shop boat.. 
Carpenter-shop boat 

Lumber-boat 

Dock 

Do 

Do 

Wharf-boat 

Derrick-boat 

Pamp-boat 

BarKe-decked 

Do 

Do 

Do 

Do 

Do 

Do 

Pile-drivers 

Do 

Catamaran 

Calking flats 

Yawls 

Skifib 

Total 



No. 


Dimen- 




sions. 




Feet. 


5 




2 


iio by 30 




160 30 




140 49 




100 25 


10 


130 25 




100 80 




135 80 




100 26 




80 20 




70 18 




100 25 




211 25 




211 35 




186 50 




37 16 




25 8 




186 26 




100 24 




47 12 




132 24 


2 


160 28 


8 


120 26 


28 


100 25 


5 


75 15 




66 15 




60 14 


12 


70 20 




82 20 






8 


25 7 


2 


42 12 


3 
65 








183 







Bemarks. 



1 chartered. 



Steam. 
ModeL 

Flush. 
Do. 
Do. 
Do. 
Do. 



SUMMARY OF WORK COMPLETED AND MATERIAL EXPENDED FROM MOYEMBER 1, 1883, 

TO OCTOBER 1, 1884. 

Work done. 

Number of piles driven 9,292 

Number of stringers put in place 3,601 

Number of braces put in place - 6,383 

Number of linear feet of dike completed, 2 row 5, 463 

Number of linear feet of dike completed, 3 row 20,841 

Number of linear feet of dike completed, 4 row 861 

27.165 

Grillage foot-mat built, 20,594 linear feet squares . . 8, 425 

Woven foot-mat built, 6,196 linear feet do 4,164 

Mattress built, 10,928 linear feet do.... 13,786 

Revetment built, 15,528 linear feet... do 8,061 

fcJhore-mat, 2,175 linear feet do 836 

Wattling, 9,948 linear feet do...- 796 

Tilted screens, 2,839 linear feet do 1,039 

Bank graded, 8,731 linear feet cubic yards.. 71,379 

Linear feet pile-dike standing November 1, 1883 44, 235 

Linear feet pile-dike constructed present season 27, 165 

71, 400 

Deduct old work washed out the present season 8,294 

Amount pile-dike October 1, 1884 63,106 
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On Mayersville Island there 1b now in fair condition 7,130 linear feet of revetment 
and mattress work. 

Material expended. 

Piles nnmber.. 9,559 

Stringers do 3,471 

Braces : do 6,383 

Stone cabic yards.. 30,350 

Cottonwood poles - cords.. 1,417 

Brush do...- 24,737 

Wire pounds.. 167,000 

Iron and spikes do 178,463 

White lead do 4,515 

Oakum ; do 5, 592 

Lumber feet, B. M.. 275,200 

Coal bushels.. 190,327 

Sacks number.. 4,606 

Very respectfully, 

ARTHUR HIDER, 
Aanstant Engineer in oharge, 
Capt. Cliston B. Sears, 

Corp8 of Engineers, U*S, A, 



H 2. 

BBPORT OF J. B. TURTLE, ASSISTANT ENGINEER, UPON OPERATIONS AT PILCHER'S POINT. 

United States Engineer Office, 

Pilcher'a Pointy La., October 6, 1884. 

Sir: The following report of operations of work done at Pilcher's Point, La., from 
November 1, 1883, to October 1, 1884, is respectfully submitted. 

The object of the work at this point was to hold tbe present shore-line, thus pre- 
yenting a deflection of the current to the Mississippi side below, which deflection was- 
supposed would cause serious, damage to the work at head of Duncansby Chute. 

The plan adopted to hold the present shore-line was by woven willow mattresses^ 
which are supposed to cover, when sunk, a sufficient amount of the slope to prevent 
erosion ; and by upper bank revetment. 

On November 1, 1883, there were employed at this point two mattress parties, one 
brush party, snag-boat O. G. Wagner, and tow-boat Pearl. 

Owing to a scarcity of labor in summer of 1883 the work did not get well undei 
headway until about November 1, 1883. On November 6, owing to a low condition of 
funds, Captain Marshall, U. S. A., issued instructions to drop mat construction as 
soon as practicable and transfer one of the mat parties to Island No. 93. The latter 
part of these instructions were carried into effect November 24. 

On December 15 the upper mat party at this point was disbanded, and such of them 
retained as vras necessary to store track lumber for winter. 

On December 17 brush party was also transferred to Island No. 93, to assist in the 
completion of the work at that point before high water. 

Party retained at Pilcher's Point was disbanded December 26, 1883. Parties on 
Island 93 disbanded, one on December 29, one on January 8, 1884. 

Snag-boat O. G. Wagner continued work until 11 a. m., November 7, when a crack 
occurred in her boiler. On November 15 J. R. Meigs reported to take place of Wagner. 

On November 30 Wagner was taken in tow by the steamer Mississippi and delivered 
to Major Miller. 

Meigs continued work until December 18, when pulling snags was abandoned. On 
December 19 she departed for Memphis, to be delivered to Major Miller. 

Tow-boat Pearl was employed until December 28. On December 29 she was taken 
in tow by steamer Mississippi, to be delivered to owners. 

Quarter-boats and mat-barges were placed with the fleet at Wilson's Point, prop- 
erty checked and placed under lock and key. 

On January 28 a small force was organized for the purpose of furnishing matti^ess 
poles and stringers to construction party at Wilson's Point. On February 11 water 
got over bank, and work was abandoned. 

On April 7 a small iorce was again organized to supply braces and 8tring;ers to party 
at Wilson's Point. Timber was cut from skiffs and floated to barges. This work con- 
tinued until May 27, then, owing to a falling river, was abandoned, and clearing 
caving banks of timber was begun. This latter work was continued until June 23, 
when mat construction commenced, and since that date has been pushed as rapidly 
as the class of labor and hot weather would permit. 

The head of the mat work this season overlaps the lower end of mat sunk in 1883. 
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After an unsuccessfal attempt to remove the snags from this bend — first with a pile- 
driver, and after with grader No. 3 — a diver was procured, the object being to cut off 
the snags by means of dynamite. The cartridges used were half-pound Hercules 
powder, one or more being used as the size of snags demanded. Cartridges were tied 
against the snags, close to th^ bottom, and exploded with a battery. This means of 
removing snags proved a perfect success. 

The diver (Mr. Howard) has examined the upper mat (1,690 feet in length) sunk 
in 1883, and all the mat sunk in 1884. The mat of 1883 was found to be in a good state 
of preservation, and to be well done on the bottom, the outer edge resting on a stratum 
of blue clay. 

On the evening of September 19, a cave occurred which injured about 100 feet of 
the mat sunk in 1884. The slide is supposed to be caused by the grader, which was 
trading at the time at the point where the slide took place. Witn the exception of 
this 100 feet, the mat sunk in 1884 was found to be in good condition, the outer edge 
resting on a stratum of blue clay. 

Grader No. 3 was received from Wilson's Point on the evening of July 31, and began 
grading on August 1. Much delay was occasioned at first by inexperienced labor — 
poor quality of hose (used last season), sickness of engineer, and a crack in pump 
ham her. 

On September 15, grader No. 1 was received from Vicksbnrg, and put to work at once 7 
■since then a double crew has been employed, and good progress made. This work has 
been under the charge of Assistant Engineer H. iSteubiug. 

Carpenters have been employed overhauling mattress barges, quarter-boats, build- 
ing addition to office, and in general repairs. 

Blacksmith has been employed welding mat rods, and on general repairs. 

The steamers Osceola and Etheridge have done the local work. 

There has been an abundant supply of material* 

DESCRIPTION OF WORK. 

The mattresses employed here are the common woven mattress of willow, and havd 
been explained in detail so often that explanation here is deemed unnecessary. The 
widths used are 180, 168, and 165 feet (these widths do not include grillage mat), 
and have been made continuous, the longest mat being 3,440 by 180 feet. 

Previous to sinking, the mats have been well ballasted (fiotation destroyed) their 
entire lengths, or over such lengths as were to be sunk from time to time. The head 
or up-stream ends are sunk first by pulling a barge loaded with rbck over the mat, 
beginning about 250 feet below the head, and then towards it ; when the head is 
reached it is loaded with sufficient rock to carry it rapidly to the bottom: the straps 
{from 12 to 16 in number) that anchor the mat to the mooring barge are let go sim- 
ultaneously. The anchor lines that hold the mat to the shore are sunk with it, and 
by means of shackles and trip-lines, made fast to buoy, are released when a sufficient 
quantity of the mat is on the bottom to secure its safety. 

Every 300 feet mats are made fast to shore by 2-inch raanilla lines {two lines abreast 
on the outer half of the mat) ; these lines are also sunk with the mat and treated as 
the head lines. 

The upper bank revetment consists of courses of willow brush placed upon a frame- 
work of poles, and are held in place by cross poles firmly wired to frame- work under- 
neath. 

GENERAL REMARKS. 

On June 1, 1884, it was found that the upper mat ^1,690 feet in length) sunk in 1883, 
was still in place, no caving having occurred behind it ; the lower mat (2,308 feet in 
length) was found to be gone. 

A resnrvey of the shore-line along this mat indicated the least caving to be 150 feet, 
the greatest 600 feet, it being greatest at the lower end. As this was a detached piece 
of work, situated at the worst point in the bend, other results could not be expected. 
It is deemed advisable not to revet the lower one-half or three-quarters of a mile of 
this bend, as it is hoped if this is left unprotected it will wash away during the high 
water, thereby materially assisting in carrying into effect the purpose of the work. 

If the work done this season will be found in perfect condition ufter the high waters 
of l&*bf the revetment of the above three-fourths of a mile will be all that remains 
to be done to finish the work at this point, requiring an expenditure of about $42,000. 

The progress of the work has been greatly delayed by the shifting class of labor 
employed. The work at first is entirely new to them.^ As soon as they become ac- 
quainted with it they are ready to leave. 

Number of laborers that commenced work in August and were paid off before the 
month closed, was 2ci7; in September, 350. 

I feel under obligations to the employes on the work for the faithful and untiring 
manner in which they have performed their duty, and to Assistant Engineer Arthur 
Hider for the prompt and agreeable manner in which he has responded to my requisi- 
tions for material and different pieces of his plant. 
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Appended hereto is summary of work done, material expended, and statements of 
cost of work. 

Statement of coat of work done at P%lcher^8 Pointy Lake Providence Reach, from November 1, 

1883, to October 1, 1884. 



Desoription. 



Kat uid bank revetiiient 

Snag-boat 

Brash party 

Gradins 

Supplying braces and stringers to Wilson's Point 

Cleariiig caving bank of timber 

Work during suspension 



Total 



Pay-roll. 



$37,002 25 
1, 678 95 
4, 522 75 
2, 078 00 
1, 678 88 
367 00 
301 49 



47,529 27 



Subsistence.^ 



$9,532 49 
383 13 
1,441 86 
369 90 
284 35 
113 34 
44 25 



12, 169 32 



MateriaL 



183,75129 
163 50 
326 11 
145 00 



64,385 90 



Totals. 



$110,286 0» 
2,225 58 
6,290 72 
2,502 90 
1,863 18 
480 84 
345 74 



124, 084 4» 



* Daily cost "per ration, raw 25.4, serred 32.8 cents ; daily cost per ration for actual labor on time list, 
S9.8 cents. 

Work done. 



Description. 



Bank 



ed 



Bank cleared of timber 

Timber cleared fh>m caving banks 



Length. 


Width. 


Feet. 


Feet. 


.6, 276 


78 


6.146 


78 


8,850 


76 


9,240 


200 



Bemarks. 



Shoveled. 
Preparatory to grading. 



Work done — Continued. 



Desoription. 


Quantity. 


Locality. 


Remarks. 


3nag8 removed number . . 

Do do — 

Logs removed ao — 

3rnsh cut uid loaded cords.. 

Poles cut and loaded do — 

Stringers cut and loaded number. . 

Braces cut and loaded do 

TrfM*-V laid r Unea^" f^^t - 


360 
172 
128 
4,240 
161 
866 
729 

16,510 
2,826 

14,030 


Pilcher's Point ... 
do -. 


By divers. 

For Wilson's Point. 


do 

Sarah's Island 

Pildher's Point .. 
.... do ............. 


... do .... 

Sarah's Island.... 
....do 


I 


Track corduroyed do 

Track stored for winter... do.... 




Ashton 











■■■■■■ ■ ■■ ■ ■ 11— ■ .■■JI-.-l ■ ■ Ml I ^P^^i^iM^^—^Wl ^■■■■■MM« I ■» ■ ^M.^-— ■ ■!! MM...I ■■■ ■■!■ IIII.M— - ■■ 

Carpenter work, — Ventilators put on three quarters-boats; hold of No. 35 fitted for 
dining-room ; addition to office completed. 
Painting, — Roofs of three quarters-boats painted. 
Respectfully submitted. J. E. TURTLE, 

Assistant Engineer. 
Clinton B. Sears, 

Captain of Engineers^ U. 8, A. 



Statement of material expended at Pilcher's Point, Lake Providence Reach, from 

1, 1883, to October 1, 1884. 

Brush cords. - 

Poles do.... 

Iron pounds.. 

Spikes do 

Cut nails do 

Wire do 

Links do..-. 

Staples gross.. 

Clevises - pounds.. 

Stone cubic yards.. 

Coal bushels.. . 

Lumber feet.. 

Mineral paint pounds.. 

Shingles number.. 

Linseed oil gallons.. 

Hercules powder pounds.. 

Primers number.. 

Car grease ^ .' pounds.. 



November 

19, 325. 1 
1,710.6 
86,209 
33, 118 
2,205 
80,221 
2,420 
57 . 
765 
8,666.9 
8,990 
10, 158 
652 
3,500 
70 
175 
200 
400 
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Statement of work done at Pitcher's Pointy Lake Providence Beach, from November 1, 1883, 

to October 1, 1884. 



Description. 



MattresB oonstmoted*. 

Do* 

Do* 

Do* 

Do* 

Do* 

Total 

Grillage 

Upper bank revetment 
Do 

Hattress sunk 

Do 

Do 

Do 

Do 

Do 

Total 



Length. 



Feet. 
1,030 
5,372 
460 
1,245 
4,195 
1,779 



14, 081 



1,768 
1,395 
4,330 



1,030 
5,372 
460 
1,245 
3,074 
1,779 



Width. 



Feet, 
150 
180 
160 



165 
168 



166.5 



50 
60 
78 



150 
180 
160 



166 
168 



12,960. 166.6 



* These widths do not include grillage. 
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REPORT OF W. M. CHILDS, ASSISTANT ENOINBER| UPON OPERATIONS A.T MATERSVIIXS 
ISLAND, WITH SUBRBPORT UPON EXAMINATION OF SUBAQUEOUS MATTRESSES. 

Wilson's Point, La., October 1, 1884. 

Sir: The work under my charge for the eleven months ending September 30, 1884, 
was confined to the protection of the face of Mayersville Island by subaqueous mat- 
tress and revetment, and to making woven and grillage foot-mats, tilted screens and 
wattling at the Cottonwood system of dikes. 

Careful examinations were made in September, by a marine diver, of the subaqueous 
mattress along the entire face of Mayersville Island (see subreport marked Appendix 

H30. 

From the head of the island to a point 300 feet below range 52 the mattress has had 
a strong current to withstand, and is somewhat broken near the low-water line. The 
revetment is good, but has been repaired in places several times. 

From a point 300 feet below range 52 to a point 180 feet below range 55 the sub- 
aqueous mattress and revetment are in good condition. Over 1,500 linear feet of sub- 
aqueous mattress and revetment has been built to keep work now standing in repair. 

Work done at the cotton wood dikes is in good condition throughout. 

Below is an estimate of the labor co^t for 100 linear feet of bank protection work : 

150 squares woven mattress, at $1.25 $187 50 

10 squares grillage mattress, at $3.37 23 70 

Grading mattress, at 31 cents 31 00 

50 squares revetment, at $2.37 118 50 

Total 360 70 

Add cost of material : 

150 cords brush, at $1.75 $262 50 

147 cubic yards stone, at $2 294 00 

12 cords poles, at $2 24 00 

130 pounds spikes, at 4 cents 5 20 

225 pounds wire, at 7 cents 15 75 

1,000 pounds iron rods, at 5 cents 50 00 

651 45 

Towage estimated at 33^ per cent, of tow-boat service 70 80 

Total cost for 100 linear feet 1,082 95 

Cost per single foot 10 83 
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Beoapitulationa of work done and percentage washed out (not including Aesietant Engineer 

(/. E, Tarty 8 work). 

Woven mattreBS : ' Linear feet 

Mayereville Island (in good condition) 5, 7:i5 

Cottonwood dikes (in good condition) 4,602 

MayersviUe Island (washed out) 3, 798 

Total 14,l:i5 

26f per cent, washed out. 

Grillage niattress, MayersviUe Island, 780 linear feet washed out. 

100 per cent, washed out. 

Grillage foot-mat, Cottonwood dikes (In good condition) linear feet . . 4, 058 

Wattling foot-mat, Cottonwood dike8(in good condition) do 2,571 

Tilted screen, Cottonwood dikes (in good condition) do . . .i 1, 487 

Rod braces put up, Cottonwood dikes number. . 709 

Revetment : Linear feet 

MayersviUe Island (washed out) 6, 578 

Mayt'rsville Inland (io good condition) - 5,735 

Cottonwood dikes (in good condition) 120 

Total 12,433 

52H por cent, washed out. 

Linear feet. 

Grading MayersviUe Island (in good condition) 8, 611 

Grading Cottonwood dikes (in good condition) 120 

Total 8,731 

- Of mattress work in good condition, as per last yearly report, 100 per cent, is now 
washed out. 

Tabulated statement of location, amount and cost of work done, and material ex- 
pended, accompanies this report, marked Appendix H 3^ 
Respectfully submitted. 
Your obedient servant, 

W. M. CHILDS, 
United States Assistant Engineer, 
To Arthur Hidbr, 

United States Assistant Engineer in charge. 
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RBPORT OF W. M. CHILDS, ASSISTANT BNGINERR, UPON EXAMINATION OF SUBAQUE* 

OUS MATTRESSES. 

Wilson's Point, La., October 4, 1884. 

Sir : I have the honor to make the following report of examinations of subaqueous 
mattress off the face of MayersviUe Island, made by a marine diver. 

From the head of the island (1,100 feet above range 5!^) down-stream 500 feet the mat- 
tress is in good condition and lies on a gradual slope. Between points 500 and 600 
feet below head of island the mattress is badly broken. There are two places in this 
distance of 100 feet where the mattress is entirely gone out. Below the head of the 
Island 900, 1,000, and 1,100 feet the mattress is broken in places along the low-water 
line and in two places is broken away from the grillage mat and settled down 3 or 4 
feet below the outer edge of the latter. For 75 feet out from the shore the mattress 
seems in good condition, well ballasted, and lies on a gradual slope. 

The revetment from the head of the island down 1,400 feet is very steep near and at 
the water surface and in some i)laces shows signs of giving way. From a point 1,400 
feet below the head of the island to a point 180 feet below range 55, a dis'auce of 6,900 
feet, the mattress and revetment are in good condition, and lie on an easy slope. At 
some places along this stretch the river bed has washed down 3 or 4 feet below the outer 
edge of the mattress. 

The current was so swift the diver could reach the outer edge of the mattress only be- 
tween ranges 53 and 51. 

About 350 feet below range 55, a piece of mattress about 100 feet in length was found 
and in good condition ; 200 feet below this a small patch was found, but from there 
down nothing of brush or stone was found. The current was quite swift along the 
lower part of the island and the diver could not go more than 50 feet from shore. 
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All mattress work found was well ballasted with rock, and was almost covered with 
sand. Even along the head of the island where is the most current the mattress waa 
-well buried in sand. A good deal of light sediment has settled on the mattress be- 
tween ranges 53 and 55. 

Pieces of brush were broken off and brought up, and seem in a good state of preser- 
Tation. No difference could be detected between brush that had been down one year 
from that which had been down two years. 
Respectfully submitted, 

W. M. CHILDS, 
United States Aasiaiant Engineer, 

.. To ABTHUR HiDER, 

Assistant Engineer in charge. 



, 


Location. 


t 


1 


« 

1 


Bate. 


Cost 


Beacription of work done. 




1 


Pay-roll and 
bsistenc . 


1 

Woven mattress 


May ersville Island . . 

•a. .do •••.••••••...•• 


2,906 

2,829 

810 

904 

1,774 

407 

403 

2,975 

1,627 


151 
136 
126 

no. 

100 
71 
45 
75 
60 

"iio' 

50 
82 

"60* 

60 
36 

'■*36* 


4,888 

3,819 
387 
994 

1,774 
289 
182 

2,231 
976 








Do 


........ 






Do* 


....do 








Do t 


• • . * do •*«.....•••.**• 








Dol 


.. do 








Dot 


....do .............. 








Dot 


. ...do 








Do 


Cottonwood Dikes.. 








Do 










Mayersville Island . . 
.... do 


$1,328 


«1.248 




Do§ 


14,135 
1,895 


15.040 
1,953 


$18,773 liS 








Do 


16,580 


16.998 






....do 


1.186 


2.372 




OrHlaire mattress t 


780 
1,895 


890 
446 


926 06 


Do& 


do ............... 




*'^v •- 


....do 










2,175 


836 












Revetment II 


12,313 
120 


6,611 
103 




Do 


Cottonwood Dikes.. 
Mayersville Island. . 

. . . .do 










L259 


2.367 




Do& 


12,438 
1,395 


6,614 
837 


15, 654 66 


— ^w y. ...... ........... 










13,828 


7,451 












<it^ir#4in£ 


8,611 
120 


70,799 
250 




Do :..:::::::. 


Cottonwood Dikes.. 
....do 










.3069 


.0877 






8,731 


71, 049 


2,679 74 


OriUage foot mattress 


1,924 
2,184 


1,154 
747 




Do 


. . . .do 


•••••«•• 








....do ..... ......... 


.4864 
.1889 
.2039 

(**) 
.2123 

(«) 
3.224 


1.038 
1.875 
.5832 




Wattling 


4,058 
2,671 
1.487 

(IT) 

709 
(tt) 
2,045 


1,901 
259 
520 


1,973 69 
485 71 


Tilted screen 


....do 


303 26 




....do 




Bod braces put up 




160 63 




Mayersville Island. . 








Brash cut and loaded 








6,503 88 












47, 539 54 



* Boilt to repair slides, t Washed out. t 5^5 linear feet washed out ; 1,240 linear feet built to repair 
slides. ^ Work done by Assistant Engineer J. E. Turtle. J| 5,029 linear feet washed out; 1,549 linear 
feet built to repair slides. U Number. ** Per rod. tt Cords. JJ Per cord. 



Material expended. 



cubic yards. 
eords. 



8tone 

Brush 

Poles do... 

Spikes pounds. 

Iron rods do... 

Wire do... 



15, 791 
16, 344 
1,155 
12, 557 
76, 467 
52,891 
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H 4. 

BBPORT OF O. P. RUPLB, ASSISTANT ENGINEER, UPON OPERATIONS OF DIKE PARTY. 

Wilson's Point, La., Oekiber 1, 1884. 

Sir : I have the honor to submit herewith the following report of operations, cost 
of work, and maintenance of what is here known as the £ke party, under my charge, 
from November 1, 1883, to October I, 1884. 

This party was under active operation at time of last report, made November 1, 
1883, and continued so until January 7, 1884, at which time work was entirely sus- 
pended on account of high water, and the force disorganized. 

At this time but little pile-driving was being done, the principal work consisting 
in completing the dike already driven, by the construction and sinking of foot-mats, 
wattling, &c. Fortunately this work was complete to such an extent that what re- 
mained unfinished was of little or no consequence. 

During the high water, and while the levees on this reach between Wilson's Point, 
Louisiana, and Concordia Landing, Louisiana, were in danger, I was detailed on patrol 
duty over this section, also superintending such work as was done to preserve and 
keep the levees intact, by building revetments of lumber to prevent caving, and when 
the levee was low or had been cut through, by raising such places with rows of sacks 
filled with earth placed along the outer edge of the levee. 

On the 1st of April, 1884, the force was reorganized and pile-driving resumed by 
the commencement of the Cottonwood system of dikes, completing this and moving in 
turn to Baleshed, Stack Island, and Duncansby. 

During my absence on leave, from April 23 to June 20, work was continued under 
the charge of Assistant Engineer E. C. Tollinger. 

No dike work has been done since August 15. 

The force was then reduced (on account of the unhealthy season) to a few men, and 
the party engaged in miscellaneous work — at the present time loading rock from the 
bank onto barges, at Wilson's Point, Louisiana. 

On August 28 1 took charge of a party to make a special survey of Greenville Harbor, 
Mississippi, completing this and returning; to Wilson's Point September 4, the object oi 
this survey being to secure data upon which to base an estimate of such work as would 
be necessary to preserve this harbor from further encroachments of the river. 

The following is a tabulated statement giving in detail the work done : 

Statement shomng dike and hmah work as done by dike party from November 1, 1883, to 

October 1, 1884. 



Location and dike. 


Number of feet 
drivel ftrom 
November 1, 
1883. to Octo- 
ber 1, 1884. 


Foot-mat between piling. 


Woven mat aioug 
piling. 




Made. 


Snnk. 


1 


Bnncansby: 

Main Dotween 6 and 7 . . 


I,e77 

'""' i,'882* 
517 
138 
66 

4,471 

1,350 

863 

1,285 

558 

100 

134 
2.850 


Lin. feet. 

1,677 

150 

2,032 

805 

782 

56 


8q. feet. 
67, 080 

7,500 
69,602 
32,380 
23,840 

2,520 


Lin. feet. 

4TJ 

150 
1,832 

805 
1,273 

716 


Sq.feet. 
19,080 
7,500 
63,602 
32,380 
54,420 
38,645 


Sunk. 


Width. 


No.8 






No. 4 ' 




. 


No. 6 






No. 7 






No. 8 






Cottonwood : 

Main onter 






Mftin innftr 














No. 1 














No. 2 














No. 3 














Mayeraville : 

Nol 


900 
1,570 


43,870 
78,820 


900 
1,912 


43,870 
89,489 






Baleshed : 

Main 


1,594 


60 


Main between 1 and 3 . . 




No. 3 






672 


29,624 






New 4 nnder old 4 


1,207 
1,206 
100 
366 
100 
100 

2,249 
2,636 










New 6 under old 6 














No. Sold 


354 


13,660 


829 


33,160 






No. 6 






No.7 






75 


3,750 






No. 8 










Stack Island : 


2,369 
2,134 


95.760 
88,895 


2,869 
2,134 


95.760 
88.895 






Main 






No.l 












Totals 


23,845 


12,964 


523,927 


14,144 


600.175 


1.694 


00 
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statement ahatoing dike and hruah. uork as done, ^o. — Continued. 



Location and dike. 


Shore mat or 
revetment 
made and 
sunk. 


Screens hung. 


Wattling. 


1 

Tip grillage wat- 
tling made and 
snnk. 


Dnnoansby: 

Maih bAt.wAATi 6 and 7 . . 


Sq.feeL 


Lin. /ml 


Sq.feeL 


Lin./eeL 


Sq.feeL 


Lin.feeL 


Sq.feeL 


N^o.3 
















Ko.4 


1,600 
5,500 


170 


3,260 






1,280 


38,400 


Xo. 6 


1,675 


15, 731 




No. 7 










No.8 








1,650 


10,868 






Cottonwood : 

Main outer 












Main inner .....T,.n..r. 
















No. 1 
















No. 2 
















No. 3. 
















MayersYille : 

No. I 


9,000 














Balesbed : 






1,865 


11,525 


2,647 


105,416 


Main between 1 and 3 . . 








No. 3 


3.300 


300 


9,000 


872 


6,800 




New 4 under old 4 






New 5 under old 5 ..... . 
















No.5old 
















No. 6 








400 
915 


2,400 
6,405 






No. 7 












No. 8 












Stack Island: 

Main 
















No. 1 
































T0ta1# , ..r,,. . 


19,400 


470 


12,260 


7,377 


53,729 


3,927 


143,816 





Of this there are- 
Linear feet. 

Two rows 4,878 

Three rows 18,792 

four rows , 180 



Total 23,845 

Amount of pay-roll $37,454 22 

Subsistence 9,227 50 

Total - 46,681 72 

Labor loaned other parties 366 93 

Total to be accounted for 46,314 79 



Distributed. as follows : 

1. Pile-driving, including bracing 

2. Brush work, foot-mats, &c.y including sinking 

3. Miscellaneous work : 

(a) Cleaning bank of timber 

(6) Repairs to revetment, Island 93 

(c) Ballasting revetment and foot-mats made by other parties not in- 

cluded in above statement 

(d) Cutting and loading brush 

(e) Loading material 

(/) Raising and moving sunken driver 



26,367 42 
16, 310 87 

482 86 
1,309 99 

660 62 
448 61 
482 19 
252 23 



Total 46,314 79 



8,046 piles driven, at $1,725- 13,876 69 

5,:}83 braces put on, at $l.l57-f- 6,231 17 

3,193 stringers hung, at $1.96-f 6,259 56 

Total , 26,367 42 



Labor, cost per 100 linear feet, 2-row dikes 
Labor, cost per 100 linear feet, 3-row dikes 



81 43 
120 87 
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For 18^)^'83 the cost of the same class of work was |129.40 for a dike of two rows. 

Average cost per 100 square feet foot-mat between piling : 

Making |1. 313 

Sinking 586 

11.899 

Average cost per 100 square feet wattling 2 00 

Average cost per 100 square feet tip-grillage wattling 2 10 

Average number piles driven per day per driver, while working, llj-. 

Very respectfully, 

C. P. RUPLE, 
United States Aesistant Engineer, 

Arthur Hidbr, 

Aasiatani Engineer in charge. 



H5. 

REPORT OF B. C. TOLLIKGER, ASSISTANT ENGINEER, UPON LEVEES, VICINITY OF lUsAr 

WARA, LOUISIANA, AND SKIPWITH, MISSISSIPPI. 

Wilson's Point, La., October 1, 1884. 

Sir : During the high- water season I was detailed on special duty on levees in the 
vicinity of Illawara, La., and Skipwitli, Miss., where danger of breaks was immi- 
nent, superintending the necessary protection work done by the Government at the 
former locality, and attending to other duties connected with the levees during the 
flood. 

On April 23 I took charge of the pile-driving force then at work on Cottonwood 
Bar during Assistant Engineer Ruple's abs^^nce on sick-leave. This work was finished 
and the party moved to Balesheu, when a high-water main dike from 1 to 4 was 
driven, gaps in 4 and 5 closed, 4 and 5 strengthened from main dike and extended out 
into deep water, dikes 6, 7, and 8 extended as far as the depths of water would allow. 

The -party was then moved to Stack Island, and the construction of a dike across 
Baleshed Chute, above the head of Stack Island, begun. This work was well under 
way when Assistant Engineer Kuple returned, June 20. 

In the mean time, a gap broke through main Baleshed Dike below No. 5, and was 
continually increasing in size, with a rapid current flowing through. A force of pile- 
drivers was put to work closing the break in this dike. 

All work done by me from April 23 to June 20, while I was temporarily in charge 
of the party, is included in Assistant Engineer C. P. Ruple's report. On July 1 a sep- 
arate party was organized, and the foUowiug work done: 

MAYERSVILLE SYSTEM. 

Dike No. 1 repaired. The work done here was to close the break made during the 
flood, which was done by a dike in front of the gap and a thick foot-mat. 

BALESHED SYSTEM. 

Main dike from 3 to 5, to protect dike driven in 1882, which showed signs of weak- 
ness. Dike immediately below No. 5 — to close break, foot-mat made from 3 to 6, in- 
cline grillage built from 5, crossing the break, to retard tbe flow of water passing 
through tbe gap. lu front of this gap some old condemned coal-barges were sunk. 
The deep water and strong current passing through the break while this work was 
being done rendered it exceedingly dithcult and costly. Assistant Engineer Steu- 
bing's force was placed in my charge August 1, he having been assigned to other work. 
Tbe construction of foot-mats was completed at this locality and on August 9 the force 
transferred to Wilson's Point, and has since been engaged in loading rock from the 
bank for use at Pilcher's Point. This work has been done during the hot weather 
w h a small force, it being impossible to retain men at wheeling rock when other 
w rk could .be obtained, and has been done at a very considerable disadvantage. 
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The statements below show the locality and amount of work done from July 1 to 
October 1, 18d4 : 

dib:ework (PIle-dkiving). 



Location. 


Desoription. 


Driven since 
July 1, 1884. 


Remarks. 


Mayeravlllo 


CroAs-dike 1 


Feet. 
649 
1,508 
1,103 


Closing breaks. 
Protection dike. 


Saleshed 


Main dike between 3 and 5 

Main dike below 5 


Baleshed 


600 of this closes break. 








Total 


3.320 











2-TOW 

8«row 
4-row 



Feet. 

690 

. 2,049 

681 



Total 8,320 

DIKE WORK (BRUSH). 



Locality. 


Foot>mat between piling. 


Tipped screen. 


Revet- 


Made. 


Sank. 


Made. 


Snnk. 


ment. 


KayersvilleNo. 1, between 
3 and 6 


Linear 

feet. 

697 
1,976 


Square 
feet. 

20, 010 
67,065 


Linear 
feet. 

597 
1,976 


Square 
feet. 

20,010 
67,005 


Linear 
feet. 


Square 
feeU 


Linear 
feet. 


Square 
feet. 


Square 
feeL 

6,800 


Balpshed main dike 












Baleshed main dike below 
5 


882 


39,690 


882 


39,690 












Total 


2,572 


87, 075 


2,572 


87, 075 


' 882 


39, 690 


882 


39,690 


6,300 







The following is a summary of the amount and cost of labor: 

Amount of pay-rolls $6,311 13 

Subsistence 1,612 36 

Total 7,923 49 



1,246 piles driven, at $2.51-f |3,055 05 

408 stringers in place, at |1.62+ 660 99 

1,000 braces in place, at 51 oents-f- 514 60 

870.75 squares toot-mat, at$1.15-f 1,001 36 

31^6.9 squares tipped screen, at $1.05 416 74 

63 squares revetment, at $1 63 00 

3,993 cubic yards stone, loaded, at 42cents-^ 1,687 70 

Sinking barges, gap in Baleshed 148 05 

Miscellaneous, loading piles, and repairs to drivers 27 6 00 

Coaling steamboats 100 00 



Total 

Respectfully submitted. 



Arthur Hider, 

Assiatant Engineer in charge. 



7,923 49 



E. C. TOLLINGER, 

Assistant Engineer, 
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H6. 

BBPORT OF B. D. THOMPSON, ASSISTANT ENGINEER, UPON SURVEYS LAKE PROVIDENCE 

REACH. 

Wilson's Point, La., October 4, 1884. 

Sir : The following report, from November 1, 1883, to October 1, 1884, is respect- 
taUj submitted : 

FIELD WORK. 

General surveys, — Three of these, each extending from Ashton to Point Lookont, have 
been received, viz, two at medium staee, in February and July, and one at flood stage 
in April, 1884. They included, besides the hydrography, the determination of changes 
in shore-lines caused by caving banks, and the location of exposed bars and of con- 
struction works. Eighty regular ranges were sounded for each survey, the sound- 
ings being located by either sextant or transit angles. For the February survey, the 
shore-line was re-run on both sides of the river the entire length of the reach.. 

SPECIAL SURVEYS. ^■ 

These have been made for two purposes: First, to determine the fills and scours 
due to the contraction works, and, second, to ascertain '* whether, in a well-marked 
bend, where there are caving banks, there is a deposit during falling stages, and, i^ 
so, its amount and character, and conversely if a scour takes place during rising 
stages. '^ 

For the first, complete local surveys, including cross-Section and longitudinal sound- 
ings, were made immediately preceding the construction of any new works, and also 
for the works standing November 1, 1883, the observations being frequently re- 
peated to ascertain the effects. 

For the second, three ranges, each 1^000 meters apart, were selected in Louisiana 
Bend and sounded frequently during rising and falling stages. These surveys com- 
menced February 4 ; they were repeated as frequently as possible during the rise 
of that month and in March. From June to October they were continued, but, owing 
to the fluctuating stages of the river during that time, now rising and then falling, 
it is not desirable to base general deduction upon the results of the latter surveys. 

A table accompanying tbis report shows some of the results obtained. 

DISCHARGE OBSERVATIONS. 

In accordance with instructions received from Capt. W. L. Marshall, a section for 
the measurement of discharge was located at Wilson's Point in November, 1883. 

The observations have been made, in point of time, as follows: 

"When the river was below mid-stage (18.2 L. P. gauge), once per month; when 
above mid-stage, once per week. 

During the flood stage, in March, they were made daily or on alternate days until 
the maximum discharge had been determined. 

This was 1,151,230 cubic feet per second, with a mean velocity of 6.2002 feet per 
second (L. P. gauge, 38.11). 

All the velocity observations were taken with a W. G. Price current meter, used 
from a catamaran in the usual manner. No anchorages were used, the apparatus be- 
ing held in place by a steamboat. Eleven velocity verticals were used for each set of 
observations, the data taken at each vertical, consisting of a run of five consecutive 
minutes at midnlepth and an integration. The velocity stations are located on the 
discharge section by ranges on shore making angles of 45^ with it. 

With a small st'Crn-wheel boat, no trouble was experienced in maintaining any de- 
sired position in the river. 

When located, the section crossed the head of Cottonwood Bar, but the movement 
of this bar down- stream has since been quite rapid, the result being to more nearly 
equalize the depths on the entire section. In connection with the discharge observa- 
tions, bench-marks were established on both banks for the determination of local 
slope. The gauge used by the observation party at Hays* Lauding, in 1881-'82, was 
also re-established, in order that comparisons might be made between the observ- 
ations taken there the previous season and those at Wilson's Point. In all, thirty- 
four measurements have been made. Maps showing the following curves, viz, ve- 
locity, area, discharge, mean depth, and mean velocity, derived from the observa- 
tions, together with those of the Lake Providence and discharged-sectlon gauges, 
accompany this report, also a table of results obtained. 
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SLOPE OBSERVATIONS, 

These were taken at twelve stations on the reach from Carolina to Hays' Landing 
the distances between the stations averaging about 3 miles ; four complete sets have 
been obtained/ including a series of high-water marks for 1864. Th6ir elevations re- 
ferred to zero of L. P. gauge are as follows : 

Fe«t. 

Carolina Landing) Miss 46.493 

Ashton Landing, La 45. 596 

Pilcher's Point Landing, La 43.487 

Wilson's Point Landing, La 41.698 

Mayersville Landing, Miss 41.303 

Lake Providence, La 38.400 

AShipland, Miss 36.539 

Hays' Landing, La.. 34.900 

The elevation of the mark at Hays' Landing for 1884 is 0.117 foot higher than for 
1882, and is attributed to backwater fh)m the Yazoo River. The gauge records show 
that while at Wilson's Point, March 11 and 24, the gauge heights were the same, at 
Hays' Landing, oqi March 24, the gauge was 0.95-(- foot higher than on the 11th instant. 

GAUGES. 

At Wilson's Point and Lake Providence, gauges have been maintained throughout 
the eleven months. New gauges were established as follows : Carolina, June 12, 
1884 ; Pilcher's Point, June 12, 1884 ; Hays' Landing, February 12, 1884. The Pilcher's 
Point gauge was discontinued on accoun t of caving banks. The four remaining gauges 
are read twice daily and reports rendered by the observers every ten days. 

MISCELLANEOUS. 

A rigid basis for maps has been kept up, including new triangulation where neces- 
sary, repairing and re-establishing ranges, and the determination of elevation, for new 
bench-marks where caving has occurred. 

The systems of dikes have been resurveyed, construction works located for progress 
sketches, &c. 

A survey of Greenville Harbor was made in September by a portion of the party in 
charge of Assistant Engineer C. P. Ruple, who has submitted a report on the same. 

During August and September, soundings were taken on the shallow crossings of the 
reach every ten days. The depths reported are the least found in a channel 1,000 
feet wide. The crossings sounded were, first, from A MacMillan (Elton) to foot of 
Stack Island, and second, from Ben Lomond, Miss., to Shorts, La. On the first, in the 
channel usually run by steamboats, not less than 15 feet was found at any time, and 
recent soundings (October 2, 1884) show a least channel-depth of 21 feet (L. P. gauge, 
6.00). 

The cost of the party for eleven months has been as follows : 

Amount of pay-roll $10,356 65' 

Subsistence - 1,957 36 

Total 12,314 01 

Average cost per month 1,119 45 

Which amount does not include value of coal burned by steamboat. 

OFFICE WORK. 

One hundred and ten maps and 159 tracings have been made, including progress 
sketches. In addition, the discharge measurements have been computed, and the 
special surveys reduced by planimeter, and tables of results prepared and submitted 
(to June 8, 1884) ; besides this, a variety of miscellaneous work has been done, in- 
cluding a complete index of all maps and note-books beloDging to the party and the 
Wilson's Point office. 

Summary, 

General surveys of reach 3 

Special surveys 73 

Discharge measurements 34 
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Slop« obBervations seta.. 4 

Shore-lines miles.. 119^ 

Levels -. do... 45 

A built 8 

A located 2 

Cross-seotion soabdings (number located ) 22, 841 

Longitudinal soundings '. 2,502 

Maps made 110 

Tracings 159 

STAGE OF RIVER. 

The river was above mid-stage, viz, 18.2 feet, L. P. gauge, two hundred and thirty- 
nine days, on the following dates, viz, November 18, 25, 28, December 20, 1883^ and 
December 31, 1883, to July 28, 1884. 

Feet. 

Highest reading, L. P. gauge, March 23> 1884 38.40 

Lowest reading, L. P. gauge, September 30, 1884 5.85 

Oscillation of river 32.55 

Mean stage of river from November 1, 1883, to October 1, 1884 24.07 

CAVINO BAIOES. 

Louisiana Bend, — ^The length of caving bank in this bend extended during the flood 
stage from Range 18 to Range 26, 17,920 feet. The maximum amount of caving oc- 
curred on Range 24, viz, 1,000 feet ; average annual rate was 575 feet. 

This bank has since been mattressed nearly to Range 22. The channel followed 
the caving bank closely, Sarah's Island bar enlarging accordingly. The deepest 
soundings taken in the bend during flood-stage was 151 feet on Range 18. 

The current was then very swift with large whirls and eddies near the Louisiana 
shore. The decrease in datum areas on Range 18 from February 4, 1884 (L. P. gauge, 
24.8), to February 22, 1884 (L. P. gauge, 37.45 feet), was 1,880 square feet. 

No caving occurred on this section. On Range 22, where heavy caving took place 
during the same time, the increase of datum area was 11,688 square feet. 

Ranges 31 to 34, Mississippi {Island No, 92). — ^The caving in this locality is not at all 
serious, excepting perhaps at A Cordell, where it extends back 300 feet. No recent 
survey has been made to determine its rate. Length of caving bank, 5,670 feet. 

Manges 38 to 41^, Louisiana, — Length of caving bank, 5,660 feet ; annual rate of cav- 
ing, 130 feet. 

Below mouth of Duncanshy Chute, Mississippi, — ^The caving along this bank began in 
November, and has continued more or less ever since. Length of caving bank, 8,350 
feet ; annual rate, 175 feet. 

Longwood Front, — Length of caving bank, 11,000 feet; annual rate, 125 feet. 

Ranges 82 to 88 {Montgomery's, La,), — Dxirine the rising stage in January and Febru- 
ary, 1884, rapid caving took place in this locality, destroying the old levee. Length 
of caving bank, 10,420 feet; annual rate, 275 feet. 

Shipland Front, Ranges 94 to 100. — Slight caving occurred here during the flood-stage. 
Length of caving bank, 6,600 feet; annual rate of caving, 125 feet. 

CHANGES ON REACH. 

Duncanshy Chute, — Upper Duncansby Tow-head was entirely washed away in Feb" 
ruary and March, 1884 ; at the same time a fill took place in the chute below, amount* 
ing to 1,035 feet on a section between Dikes 6 and 7. 

For comparison, six sections were selected. Range 35 above the dikes. Ranges 36 S, 
37 S, above and below Dike No. 6, and Ranges 40, 41, and 42 in the chute above Skip- 
with Landing. 

The following statement shows the average amounts of fills that have taken place 
on the sections between the specified dates : 

Average, December 3, 1883, to June 5, 1884 : 

Feet. 

Range 36 S 4.48 

Range 37 S 10.35 

Average, November 14, 18^3, to June 5, 1884 : 

Range 40 2.58 

Range 41 3.57 

Range 42 , 2.89 
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The low-water channel is now where the upper tow-head formerly was. 

COTTONWOOD BAR. 

The construction of contraction works on this^bar during the high stage has had the 
effect of building up a large bar behind them^ and of throwing the channel directly 
into the bend of Island No. 93. 

MAYERSVILLE CHUTE. 

Four sections have been sounded for comparison in this chute, viz, one about 500 
feet above the cross-dike and three below, from 500 to 850 feet apart. 
The dike consists of live rows of piling, with a heavy drift accumulation in front. 

From November 14, 1883, to June 4, 1884 : 

Feet 

Range 52 shows a scour of w. 3. 16 

Range A shows a scour of 5.53 

Range B shows a scour of 1.76 

Range 53 shows a fill of 1.18 

Range A is located below the dike, and the large amount of scour is due to a break, 
which occurred April 21, next Mayersvilie Island. 

BALESHED CHUTE. 

In this chute four ranges were selected for comparison. 
From December 5, 1883, to June 6, 1884 : 

Feetb 

Range 60 S shows a fill of 4.53 

Range 61 8 shows a fill of 4.38 

From November 16, 1883, to June 6, 1884 : 

Range 64 A shows a scour of 2.3 

Range 65 A shows a fill of 22 

« 

At the upper end of the chute the cross-dikes extend from the main dike to the Mis- 
sissippi shore ; while at the lower end the depth of the water is such that the dikes 
cannot be driven across. The Baleshed Bar has increased both in width and length, 
its lower extremity being now within 200 meters of the head of Stack Island, with a 
width of 680 meters on Range 72 (L. P. gauge, 6.05 feet). 

STACK ISLAND CHUTE. 

Three sections have been selected for comparison ranges, 71 and 72 both extending 
across the river, and Range 73 in the chute proper. 

From February 5 to April 23, 1884, during the rising and high stages, a slight scour 
of .84 foot took place in the chute ; on Range .72, inside the dike, the fill averaged 2.62 
feet ; on Range 73, an average scour of 10.5 feet took place. 

On September 24, 1884, the deepest water found on Range 72 (below the cross-dike) 
was 0.8 foot, and on Range 73, 47 feet (L. P. gauge, 6 feet). 

A tabular statement showing results of comparative surveys is submitted herewith. 

MAYERSVILLE ISLAND. 

a 

During high water about 1,800 feet of the lower end of the island, consisting of a 
very narrow strip between the chute and the main river, was washed away. 

MISCELLANEOUS. 

No low-water survey has yet been made ; hence a direct comparison of the reach for 
the low-water stages of 1883 and 1884 cannot be made at this time. 

The progress maps accompanying annual report show all dike and mat work con- 
structed since the beginning of improvements and standing October 1, 1^84. Also 6- 
foot contour lines (L. P. gauge) as they were in December, 1881, before construction 
work commenced, and in July, 1884. * 

The maps of comparative sections at Pilcher's Point, Ranges 14, 16, 18, 20, 22, and 

H. Ex. 64 18* 
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94 are tak^n from BunreyB of April 5, 1883, September 12, 1883, April 17, 18H4, and Jaly 
8, 18S4. Construction work was begun in this bend about September 1, 1883, and ia 
now in progress. 

Tbe sections showing changes in chutes are fVom surveys of December, 1881, and 
April and July, 18*4, before and aft^ dike construction. 

A map of the July general survey on scale of 1 : 50000 is also submitted herewith. 

The Kteam-launch Kellie was used by the party until she was sunk December 31, 

1883, by striking a submerged snag. From January to June, 1684, the tow-boats on 
the reach were used at various times for soundings and gauging operations. In June, 

1884, the steamboat Meter, designed and built for the use of the party, arrived, and 
has been nsed constantly ever since, giving entire satisfaction. 

In .Ian nary, 1884, a case of small-pox appeared on the quarter-boat, rendering it 
necessary to organize a new party, delaying the work nearly three weeks. 

■ To my assistants, Messrs. Ritchie, McNnlty, Vansickle, Reed, andLowegren, I am 
indebted for valuable and efficient services rendered. 
Very respectfully, 

E. D. THOMPSON, 
United States AseieiaHt Mngineer. 
Abthur Hider, 

United States Aaeiaiant Engineer in oharge. 



H7. 

Summary of discharge observations taken at Wilson's Point, Louisiana, from November 1, 

1883, to October 1, 1884. 



L. P. 
gauge. 


Area. 


Mean ve* 

looity per 

aeoonu. 


DiMbarise per 

MCOBd. 




Square feet 


Feet. 


CfuMe feO, 


18.40 


113, 480 


4.418 


501,365 


24.36 


131,977 


5.192 


685,244 


25.30 


128,143 


5.214 


868.204 


34 75 


161,923 


5.487 


888,481 


37.48 


173, 589 


5.952 


1, 033, 216 


37. 60 


170, 769 


6.085 


1, 039, 292 


37.66 


172, 887 


5.987 


1,035,117 


37.72 


178,380 


5.954 


1, 062. 144 


37. 72 


174, 284 


5.939 


1, 035. 130 


37.87 


183, 876 


5.914 


1, 087, 561 


38.11 


lfi5, 676 


6.200 


1, 151 290 


38. 12 


182, 880 


6.131 


1, 121, 330 


37.86 


183, 3:r2 


5.989 


1, 098, 032 


37.97 


183. 308 


5.846 


1, 071, 788 


38.29 


185,504 


5.522 


1, 024, 450 


38.39 


188, 420 


5.589 


1, 053, 212 


38.25 


186,263 


5.61) 


1, 045, 166 


38.05 


1H6.464 


5.477 


1,021,280 


37.06 


188, 202 


6.517 


1, 038, 454 


H6.68 


189, (K)8 


5.525 


1, 047, 741 


36.69 


186, 570 


5.704 


1, 064, 339 


36.72 


188,464 


5.605 


1. 054, 786 


36.51 


192, 082 


5.564 


1, 068, 829 


36.53 


180.430 


5.603 


1,011,027 


36.33 


185,106 


6.541 


1, 025, 762 


34.35 


178,040 


5.140 


915, 129 


24.50 


148, 000 


4.156 


615, 139 


24.98 


146, 201 


4.385 


641,124 


25.50 


150, 930 


4.299 


648,928 


24.39 


145, 900 


4.276 


623,964 


21.60 


132, 720 


4.264 


566.011 


18.90 


132,960 


4.109 


546,382 


14. 95 


114, 830 


3.439 


394.946 


7.15 


90,710 


2.972 


269,599 



Date. 



1883. 

Iforember 27-28 

December 10 

1884. 

January 30-31 

February 15 

February 26 

February 27 

February 28 

February 29 

March 3 

MarchO 

March 11 

March IB 

March 17 

March 19 

March 21 

March 24 

March 26 

March 28 

April 5 

Apnll2 

April 16 

April 24 

May 3 

Mav 10 

May 16 

May 27 

June 11 

Jane 17 

June 23 

June 28 

July7 

July 22 

August 14 

September 17 
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COMPARATIVE SECTIONS. 



LOUISIANA BEND— RANGE 18. 



Date. 



1884. 

Fe1iniar7 4 

February 11 

February 13 

February 16 

February 18 

Ft'bmary 22 

February 26 

February 29 

Marfrh28 

April 17 



w. s. 


L.P. 




gauge. 


31.15 


24.81 


37.11 


31.55 


38.92 


33.57 


40.50 


35.36 


41.80 


36.30 


4'.66 


37.45 


43.55 


37.49 


43.70 


37.72 


43.45 


88.06 


42.90 


36.65 



Areas be- 
low datum. 



Squmre/eet 
249.560 
229,144 
239, 880 
228,106.4 
250.966.4 
247, 680 
249.080 
22.S.531.2 
226,800 
225, 976 



Scour. 



1,406.4 



FUl. 



20. 416 
9,680 . 
21,453.6 

• * • • « ■ 

1,880 

480 

26,02&8 

22, 760 

23,584 



LOiriSIANA BBND— BANGS 22. 



February 4.. 
February 10. 
February 13 . 
February 16. 
February 18. 
February 22. 
February 26. 
February 29. 

March 28 

April 17 



80.95 


24.68 


3.5.94 


80.80 


8&55 


33.54 


40.20 


35.35 


41.00 


36. 30 


42.35 


37.43 


43.25 


37.48 


43.40 


87.72 


43.15 


88.05 


42.70 


3&65 



281,632 
281. 280 
286,160 
297,200 
299.440 
293, 320 
272.208 
259,760 
269,328 
244,087 



4,528 
15,568 
17,808 
11,688 



852 



9,424 
21,873 
12,304 
37^545 



DUNCANSBT CHUTE-RANGE 37 S. 





Water sur- 
face, Wil- 
son's Point 
gauge. 


Below Dike No. 6. 


Widfb of 
section. 


depth offill 
below datum*. 


Bate. 


Areas below 
datum. 


Scour. 


Fill. 


1883. 
December 3........... 


24.25 

25.05 
37.72 
36.59 
36.52 
27.30 


Square feet 
44^160 

41,945 
34,373 

31.440 
26,773 


Squarefeet. 


Sqftare/eet, 


Feet. 
1,680 


Fiet, 


1884. 
Febmarr 4 




2,215 

9,787 

10, 293 

12, 720 

17, 887 


1.32-^ 


March 13 






5.82+ 
6.13- 


April 8 






April 17 






7.574 
10 35- 


■Tnue 5 . 















DUNCANSBY CHUTE.— RANGE 41. 





Water sur- 
face, Wil- 
son's Point 
gauge. 


* 1,000 meters below Dike No. 8. 


Width of 
section. 


Average 
depth of ffll 
below datum. 


Date. 


Areas below 
datum. 


Scour. 


Fill. 


1883. 
November 14... 


iai5 

20.15 
24.85 

26.05 
37 72 
36.59 
36.52 
27.30 


Square feet. 
54.920 
55,792 
53,800 

54,920 
53,680 
51, 232 
47,960 
45,440 


Square feet. 


Square feet 


FeeL 
2,650 


Feet, 


November 23 


872 






December 4.- 


1,120 

000 
1,240 
3,688 
6,960 
9,480 




"a 42' 


1884. 
Febniarv 4 








March 13 






0.47— 


April8 






L39-f 
2.63— 


AprillS 




^ 


June 5 - 






3.57 






, 





NOTB. — The flnt survey on each section is taken as the unit of comparison. 
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MAYERSYILLE CHUTS— RANGB 52. 



Date. 



1888. 

KoYomberH 

November 27 

1884. 

Febniary 6 

March 10 

April 21 

May 10 

June 4 



Water sur- 
face, Lake 
Providence 
g»age. 



16.83 
18.08 



24.50 
38.10 
36.80 
36.52 
28.80 



Areas be- 
low datum. 



Square feet. 
26,373 
80,667 



20,840 
28,107 
28,480 
27, 227 
29,413 



Scour. 



Sq.ft. 



4,294 



8,467 
1,734 
2,107 
854 
8.040 



FilL 



Sq.fl^ 



Width of 
section. 



Feet 
060 



Average 

depth of 

fill below 

datum. 



MAYERSVILLE CHUTE-RAXGE A. 



lifovember 14 
November 27 



Pebmary 5 
March 10 .. 
AprU21 ... 
May 10 .... 
Jime4 



1883. 



1884. 



16.83 
18.03 



24.50 
38.10 
86.80 
36.52 
28.30 



25,360 
24,134 



26,960 
26,180 
26, 826 
28,747 
30,160 



1,600 
820 
1,466 
3,387 
4,800 



1,226 



870 



t.41 



MAYERSVILLE CHFTE— RANGE B. 



1883. 

November 14 

November 27 

1884. 

February 5 

March 10 

April 21 

May 10 

June 4 



16.83 
18.03 



24.50 
38.10 
36.80 
36.52 
28.30 



25,493 
26,934 



28,374 
27,120 
26, 320 
27, 200 
27,067 



1,441 



2,881 
1,627 
827 
1,707 
1,574 



805 



MAYERSVILLE CHUTE— RANGE 53. 



1883. 

November 14 

November 27 

1884. 

February 5 

March 10 

AprU21 

June 4 



16.88 
18.03 



24.50 
38.10 
36.80 
28.30 



27,920 
28,264 



29,360 
28,533 
28,533 
26,747 



334 



1,440 
618 
613 



1,173 



996 



1.18 



NoTB.— Comparisons are made with the first survey on each section. 

BALESHED CHUTE— RANGE 60 S. 



Date. 



1883. 
Decembers 

1884. 

Februarys 

MarchU 

April 24 

June 6 



Water sur- 
face, Lake 
Providence 
gauge. 



24.15 

24.50 
38.03 
86.72 
26.55 



Inside of dike. 



Areas be- 
low datum. 



Sqtutre fut. 
28,027 

28,040 
24,913 
22,546 
21,680 



Scour. 



Sq.ft. 



18 



FilL 



8q.fl. 



8,114 
5,481 
6,347 



Width 
of sec- 
tion in- 
side 
dike. 



Average 
depth of 
fill, inside 
of dike be- 
low datum. 



FeeL 
1,400 



FteL 



2.22-f- 
3.91+ 
4.53-f- 
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BALESHED CHUTE— RANGE 61 S. 



Date. 



December 5... 


1883. 


IPebmarv 5 . . .. 


1884. 


March 14 


April 24 


June 6 ^. 



Water sur- 
face, Lake 
Providence 
gauge. 



24.16 



24.50 
38.03 
36.72 
26.55 



Inside of dike. 



Areas be- 
low datum. 



SquarefeeU 
43,680 



44,186 
30, 233 
40, 480 
37, 253 



Scour. 



Fill. 



Sq./eet. Sq./eet 



506 



4,447 
3,200 
6,427 



Width 
of sec- 
tion in- 
side 
dike. 



1,466 



Average 
depth of 
fill, inside 
dike be- 
low datum. 



Feet 



3.03-h 
2.18-H 
4.38+ 



BALESHED CHUTE— RANGE 64 A. 



November 16 
December 5. . 



February 5 
March 14 .. 
April 24... 
June 6 



1883. 



1884. 



17.25 
24.15 



24.50 
88.03 
36.72 
26.55 



41,226 
43,040 



43, 973 
47.680 
54,260 
45, 120 



1,814 



2,747 
6,454 
3,034 
3,894 



1,688 



Note.— Comparisons are made with the first survey on each section. 

STACK ISLAND CHUTE— RANGE 71. 



Date. 


Water 
surface. 
Lake Provi- 
dence 
gauge. 


Area be- 
low datum, 
inside of 
dike. 


Scour. 


Fill. 


Width 
of sec- 
tions. 


Average 

depth 

of scour 

below 

datum. 


Average 
depth 

of fin 

below 
datum. 


1884. 

February 5....- 

Febmarv 18. ......... 


24.50 
36.80 
87.03 
36.80 


Square feet 
92,160 
88,480 
92,936 
94,376 


Sq./eet 


Sq./eet. 


Feet 
2,632 


Feet 


Feet 




3,680' 




i'S 


March 14 


776 
2,216 




0.294- 

0.844- 




April 23 








. 









STACK ISLAND CHUTE— RANGE 72. 



1884. 
Februarv 5 


24.50 
36.30 
37.03 
36.80 


101, 120 
90,904 

101, 860 
94,816 






2,414 






February 18 




10, 216 




4.28+ 


March 14 


740 




3.06-f- 


Apiil 23 


6,304 




2.61+ 











RANGE 73 CHUTE. 



1884. 
February 5... 
February 18.. 

March 14 

April 23 



24.50 

.36.30 

37.03 

36.80 



81,600 
85, 173 
92,640 
99,840 



3,573 
11,040 
18, 240 



1,721 



2.08— 

6.41+ 

10.59+ 



NOTB. — Comparisons are made with the first survey on each section. 
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H8. 

SXrOBT OF HBNRT STBUBING, ASSISTANT KNGINEER, UPON COST OF UNLOADING AND 

PI8TRIBUTING STONE ON LAKE PROVIDENCB REACH. 

Wilson's Point, October 1, 1884. 

Sib: The following is the amount and cost of nnloadine stone from barges at Wil- 
son's Point, covering revetment of Mayersville Island with stone, and foot-mat work 
on Stack Island ana Baleshed dikes, done by the party under my charge : 

4,813 cubic yards stone unloaded from barges, at 25 cents $1, 203 75 

5,480 cubic yards stone distributed on revetment. Island 93, at 50 cents.... 2,792 00 

252.5 squares revetment built, repair to revetment. Island 93, at 57 cents .. 143 92 

414 squares foot-mat constructed, Stack Island, Baleshed dikes, at $2 82H 00 

330 cubic yards of grading, at 30 cents 99 00 

101 squares shore revetment. Stack Island dikes 46 18 

5,112 85 

Amount of pay- roll 3,858 45 

Amount of subsistence 1,254 40 



5, 112 85 



liie party was turned over to Assistant Engineer Tollinger August 1, having been 
assigned to duty at Pilcher's Point. 
Beispectfuliy submitted. 

HENRY STEUBING, 

Afisiatant Engineer. 
Arthur Hider, 

United States Assistant Engineer in charge. 



H 9. 

report of H. ST. L. COPPER, ASSISTANT ENGINEER, UPON WORK AT DELTA POINT, LA., 

AND VICK8BUKG HARBOR. 

YiCKSBURG, Miss., October 10, 1884. 

Captain: I have the honor, in accordance with instructions mailed me on the 20th. 
ultimo, to submit the following annual report of work under my charge. You instruct 
me to report on the work up to the Ist of October, but as it will only take to the 10th 
to finsh all the construction that will be needed at this point for some time, I have 
included these 10 days. 

At the time of the last annual report a survey had been made, and the results re- 
corded therein. 

Delta Point was in most part intact and but little repairs necessary. The inner 
harbor had filled to such an extent that, in spite of the money expended in dredginj^, 
Captain Marshall would recommend no continuation of the work there, nor submit 
any further estimate for improvement. 

At that time Delta Point was unsettled, as shown in sketch, the only weak part 
being at the projecting mud point, where mattress dike was bailt 2,o00 feet below 
Delta Wharf-boat Landing. It was estimated that 500 linear feet of mattress woald 
repair this. 

January 1, with an outfit from Wilson's Point, I commenced the construction of a 
mattress here to be of the length estimated, but the weather was so severe, and the 
water at such a high stage, that no attempt was made otherwise than to temporarily 
prevent the caving until a more favorable time; this was accomplished with some dif- 
ncnlty (by sinking a mat 183 by 163 feet, as shown in sketch). 

January 16, all the plant taken from the Lake Providence Reach was returned 
and no more work done on the harbor until the present low- water season. 

In the latter part of June you directed me to make a sarvey of the harbor and 
Mississippi River in the vicinity, with a view to comparing the results with those 
obtained in former years, and also for the purpose of ascertaining the condition of 
the work already done, and the repairs and new work necessary in order to carry out 
the general plan of improvement. 
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July 10, after making the survey I sent to your office at Memphis a report on tha 
same, accompauied b^ maps and estimate. The following extract from it will show 
the condition of the river and changes then made : 

*'The chauses that have occurred since the last survey, made October of last year, 
in the main nver, as can be seen by studyiug the map, are as follows: 

*' The sand-bar above Delta Point has caved, becoming what is termed a bluff-bar, 
the low- water line beiug forced towards the Louisiana side 200 feet. The tail of the 
bar has been moving down-stream each year, showing it to be some hundred feet 
below the position occupied the year previous. Now the change at the lower end 
is almost imperceptible. The change at Kind's Point is also but slight. From im- 
mediately at the point just above the line of the old river bank (see map) for 2,000 
feet the naviog has been about 50 feet, but above and below the interval there has 
been no change. The soundings in the vicinity of Delta Point, where the bank was 
revetted, show a slight diminution m depth, due, I think, more to high- water in- 
fluences than any other cause ; a few weeks of low water will deepen the water 
here again. The bar below King's Point, through which West PaHS was imt, and 
which closes the entrance to the Centennial Lake, has been partially swept away, 
the low-water line being to some extent forced baek towards the old channel of 
the river (northeast). All the sand which originally formed this middle ground or 
onter bar has not been effectually caved away, but seems to have moved in part 
Just below its former position, shoaling up slightly the river in the vicinity of 
the P. line elevator; making an average difference at the lower landing of 8 feet 
aince last year. Just below the last or lowest mattress placed at Delta Point (on the 
sand-bar) the bank has caved to the extent of 100 feet at a point 600 feet below old 
work, and 150 feet 1,200 feet below old work. Delta Point proper, where mattresses 
were placed in 18b2 and 18tf3, is unchanged, with the exception of one or two points 
where there has been considerable deposit. About 1,200 feet below the P. line ele- 
vator on the Mississippi side, the bank commences to cave, increasing as you go down- 
stream, being very destructive at the Refuge Oil Mill, 1 mile below. At this point it 
has caved, since August 1H82, 800 feet, being now within 66 feet of the track of the 
L., N. O. and T. R. R., and threatening the site of the mill. 

*' The soundings in the inner harbor show the changes to be but slight, and different 
from what had taken place in former years, there being a scour from Glass Bayou to 
Ryan's upper mill of about 1 foot — in the north end of the lake, the difference, if any. 
beiug less. Below the upper mill there is a fill in the line of the old proposed canal 
bed of channel, varying from to 2 feet. 

'* On a line called section 1 in the channel near the river side there has been practi- 
cally no change ; on the same line, opposite Point of Willows, the fill has been as great 
as 4 feet, and half way to West Pass 6 feet. At West Pass the difference is but 1 foot ; 
here the deponit is soft mud. 

''To recapitulate, the tendency seems to have been for the river to approach nearer 
its old bed, cutting away the sand-bar above Delta Point, which commenced to form 
Just aft<erthe cut-off in 1876 (and had up to this year been gradually creeping down- 
stream^, turning the thread of the current once more towards the west entrance to 
the Lake Centennial and sweeping away the middle bar, which last year projected 
out in the river some distance, as shown on the map.'' 

As stated in that report, I am of the opinion that this more favorable condition of 
things was entirely, or in great part at least, due to the fact that Delta Point re- 
mained immovable; after two years of constant endeavor to wash it away, the river 
had been forced back towards the old channel. 

In the same report I submitted estimates for improvement for the present season, 
as follows : 

Excavating canal basin and West Pass to zero of gauge : 

Basin : Natural slope on city side and slope 8 to 1 on other side $26, 708 10 

Canal : Slopes same as basin : 13, 890 15 

West Pass: Slopes 3 to 1 16,958 55 

Total 56,556 80 

Revetting Delta Point 25,000 00 

August 1 there was on hand of funds belonging to this appropriation $1,723.32, and 
an allotment which had just been allowed by the Commission for improvement of 
Delta Point, $25,000, making a total of $26,72*^.32 with which to patch up the breaks 
< which were developing on the receding of the water) and farther revet the Point at 
the lower end. 

August 2 an outfit arrived here from Wilson's Point, with which work was com- 
menced, which consisted, as in former years, in grading the bank, sinking mattresses, 
And building revetments for upper bank protection. This work has been carried on. 
up to date, with the result shown on the accompanying map. 

At first it was proposed to use $22,500 of the $25,000 allotted, in revetting 1,500 
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feet of the bank below the old work, and the balance of the $25,000 in patching at 
the nppt r end of the Point ; but on the receding water, as before stated, so many new 
breaks were uncovered that it was found necessary to take mach more of the appro- 
priation for patching than was at first deemed expedient. 

The work was commenced by building a mattress at the upper end of the revetment 
laid in 1882, where the water is extremely swift and the bank was being undermined 
by the action of the current. Here, in all, about 700 linear feet of mattress was sunk, 
and the bank graded, and about 460 linear feet of bank revetted; at the lower end 
of the point (see map) 800 linear feet of mattress was sunk, and 1,040 linear feet of 
bank graded and revetted ; in all, about 1,500 feet of bank protected with billow and 
stone. The upper work is about 200 feet wide from top of bank to outside edge of 
mat, the lower being nearly 300 feet. At first the grading was done by hand, but thia 
was found to be so expensive that you sent me a hydraulic grader, which proved, as 
in 1^82, an enormous saving of expense. In addition to this work, I requested per- 
mission, while the grader was here, to make an attempt with her to open West Pass, 
in order that I might get stone from the quarries at Yicksburg for use on the work, 
also for the benefit of small boats that might enter the inner harbor. 

On your granting the request, I placed the grader at the river end of the pass, and 
with great difficulty worked her tnrongh to the lake, making 8 feet of water as she 
moved, which shoaled up at once to let's than 2. In the same way I forced her back 
to deep water in the river. It took ten days to do the work, and cost 8400 for labor, 
subsistence, and coal, and a day after leaving the pass it was in a worse condition 
than before commencing the work. The material through pretty much its entire 
length is compact sand, which shifts continually, at one time being 10 inches below 
the water surface, and the next day in the same spot 50 inches. 

At about the time of finishing the grading at Delta Point it was found to be neces- 
sary to move the Vicksburg wharf-boat below its former site to deeper water and 
where the bank was almost perpendicular. I was requested to grade this bank for 
the city, the latter paying the expense of running the grader, which I did, after re- 
ceiving permission from you. 

I have had no time or means for making a general survey of the harbor, but have 
made a detailed reconnaissance ; have had a meander line run from the foot of Delta 
Point to opposite the sand-bar at the mouth of Yazoo, locating the latter, and sections 
sounded along the Louisiana side where mattresses have been sunk. My reconnais- 
sance serves to show that the conditions are but little changed since the last survey. 

The "West Pass at the present time(there being a considerable rise in the river) is quite 
deep, over six feet throughout its entire length, and 75 feet wide, the water passing 
through it with great velocity into the lake. The basin dredged in front of the city 
in 1883 is in about the same condition as shown in last report. The canal is about the 
same also, except where citizens have dammed it up to keep water in the lake. The 
Headlight, a light draught boat, came into the harbor yesterday and is now lying at 
the foot of Clay street. 

There is no caving at the present sta^e of water from the mouth of the Yazoo to 
below the Refuge Oil Mill on the Mississippi side, and none on the Louisiana side 
from Young's Point to three miles below Delta (town). 

The channel of the river is a little deeper or rather at a greater depth below low 
water than when the river was at a higher stage. It will be seen by the map that 
Young's Point is being caved away and the bar above Delta Point forced back towards 
the old shore-line. XJnless some unforeseen changes take place at the mouth of the 
Yazoo (where a small cut-oflf is being made), I think the river will undoubtedly accom- 
modate itself to the old bank in the Louisiana side, and consequently cut away the bar 
closing the entrance to the inner harbor. 

My leasou for making a reconnaissance to the mouth of the Yazoo was for the pur- 
pose of ascertaining whether a dike built (on the bar forming there) to deflect the 
current onto Young's Point would not be advantageous in helping the river to sweep 
away the bar just below on the Louisiana side, but I found that the work would be 
more extensive than at first anticipated and the expenditure greater than the results 
would warrant. 

After the subsiding of the next high water I expect to find this. in a great part ac- 
complished without the help of a dike. The next high water will probably destroy 
some of the old revetment at the mattress dike, and the sipe water on the falling river 
the work in the eddy just below, but even should this occur I look for no further trouble,, 
but believe the work on the Point has accomplished its purpose. There may be some 
sinking and breaking of the bank, but no more caving. 

I will be more competent to anticipate the changes that will take place after plot- 
ting the soundings and levels taken on sections along the revetted bank. 

At the time these sections were sounded a diver (with submarine suit) examined the 
bottom, the latter being placed on the section lines by the engineer. The results of 
his work I will submit with the profiles of the sections as soon as plotted. A general 
xesum^ of this work is as follows : 
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He commenced at the upper end of the revetment placed in 1882, but from there to 
near the old mattress dike was able to do but little, the current being so swift and 
dangerous ; from there to where the bauk is straight and covered with deposit, i. ^.^ 
in the eddy, he found the mattresses all holding, but badly broken or bent over pro- 
jecting ridges and into holes in the uneven bottom ; in some places they were stand- 
ing perpendicular and entangled in old screens sunk in 1881. This is the portion of 
the work which I reported some time ago as being in a condition almost unexplain- 
able. There has been apparently no caving whatever, but the bank has sunk with 
its covering of stone and willow, leaving steps, or cracks, in the slope at its top, and 
midway an almost perpendicular side from which the rock has slid, but it did not dis- 
turb the upright position of the pile driven through the head of the mat at a ton-foot 
stage in 1882. 

I couHider it all, or in a great part, due to the influence of sipe water, which runa 
from the bank as the water in the river falls, as I wrote. In answer to my communi- 
cation at that time, you suggested the use of wooden drains or tiles ; these would 
be effective were it not that the water has no single outlet, but comes from the bank 
in places on a shelf perhaps 100 feet long and in such a manner as to make it impos- 
sible to collect it in order to carry it off. I would have attempted some experiments, 
but there was no occasion for draining in the new work and it would have been too 
expensive in the old, it being necessary to take away considerable revetment in order 
to get at the seepage ledges. The patching which it has been necessary to do this 
season shows to me veiy conclusively the practicability of grading the bank to a very 
long or gentle slope before revetting*. Had this been done here in 1882 we would 
have had much less trouble repairing ; probably it would have prevented the neces- 
sity of repairs. 

The work this year has been carried on with great difficulty and at a greater ex- 
pense than otherwise because of the excessive heat and my inability to get labor.. 
W hite laborers will not come to this country so early as August and September, those 
who do come being unable to stand the heat of the sun. At one time thirty men in 
a force of 150, all but one foreman and the steward, were sick. Our only alternative 
is negro labor, which is very unreliable. It will be impossible for me to make any es- 
timate of the cost of the work of the past season, either as a whole or in detail, until 
my accounts are all in and the work closed, which will not be for a few days. 

I submit herewith a sketch of harbor and Mississippi River in the vicinity showing 
changes, and sketch of bank at Delta Point showing condition of work to date. 
I am, very respectfully, yours, 

H. ST. L. COPPfiE, 

Assistant Engineer, 

Capt. C. B. Seaks, 

Captain Engineers, U, S. A., Memphis, Tenn. 



Appendix I. 



beport of major amos 8ticknet, corps of engineers, upon operations in the 

fourth district. 

United States Engineer Office, 

New Orleans, La., October 10, 1884. 

Sir : I have the honor to submit the following report for works under my charge 
executed from funds controlled by the Mississippi Hiver Commission during the time 
from October 31, 1883, the date of the last annual report, to October 1, 1884. The 
works under my charge included in the fourth district, Mississippi River, are as 
follows^ viz : 

Construction and repair of levees. 

Improvement of harbors of Natchez and Vidalia. 

Improvement of month of Red River and rectification of the mouth of Red River 
and the Atchafalaya River. 

Improvement of harbor of New Orleans, La. 

LB VICES. 

The levees under construction at the date of last annual report were Shipp's Bayou 
to Hard Times, Hardscrabble, and Bondurant, Kempe and Green's to Fairview. 

Owin^ to bad management on the part of the contractors, the contracts on the first 
three ot these levees were annulled after every efibrt had been made to compel the 
contractors to finish their work. A new contract was made for the Shipp's Bay on 
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to Hard Times Levee, and the other two were undertaken by hired labor. The dta- 
organizatioa of the work and the excemively rainy eeaeon made it impossible to 
complete the levees in time for the flood. The protection levees at Shipp's Bayon to 
Hard Times and Kempe were, howeveri held almost to the top of the flood, the former 
being finally breached from the rear, after the levees above had broken, and the 
latter giving way dnring a violent storm, when the river was at its highest. Alons 
the front, of Tensas Parish the flood of 1884 exceeded the height of the great flood of 
1882 about 6 inches, and in many places went entirely over the tops of the levees. 
The resalt was a great number of breaks in both United States and State levees. 

Below Red River no United States levees were breached, but some disastrous breaks 
occurred in State levees. Ah the flood developed in magnitude allotments were made 
by the Commission for protecting the levee lines. A great deal of work was done, 
and a great many threatened breaks prevented. For details concerning levee work 
I refer yon to the report of my asuistant, Mr. H. S. Douglas, who, with all others 
connected with the work, rendered efficieat service in a desperate struggle to main- 
tain the lines. From the last appropriation of Congress, made in act approved July 
5, 1884, the amount of $160,000 was allotted by the Commission, to be distributed by 
the Board of Engineer Officers on construction or repairs of levees. The portion of 
this assigned to the fourth district was $90,000, to be expended on the United States 
levees on Tensas Front. It is hoped with this amount to repair the United States 
levees so they will stand even a great flood, but the amount is not sufficient to put 
them in a condition of perfect safety with regard to height and stable slopes. The 
estimate of the cost for completing the line of levees in the fourth district will de* 
pend largely upon the dimensions of these embankments. The policy of the Commis- 
sion heretofore has been to build the greatest length of lines with the money available, 
without attempting to increase the heights above those parts of the line that were 
standing. The dimensions of the levees as they now exist are undoubtedly entirelv 
too small for security in times of great floods. The gaps in the levees in the fonrtn 
district which will remain open after the construction of the levees now provided for 
Are as follows : 



ITame of gap. 



TKNSA8 FBOMT. 

Diamond Bend to New Carthage 

Boa'iern Crevasse 

Black Hawk to Bed River 

ATCHAFALATA FRONT. 

Morganza 

Total 



Length 
in feet. 



50,000 
23,400 
90,000 



6,000 



169, 400 



Estimated 
onbic 
yards. 


Estima- 
ted price 
per cubic 
yard. 


410,000 
637,000 
500,000 

300, 000 


$0 30 
30 
30 

30 


1, 847, 000 







Estimated 
cost. 



$123, 000 00 
191, 100 00 
150,000 OQ 



90,000 00 
554, 100 00 



Note. — The height of these levees, as estimated, equals grade of adjacent existing levees. 

The following is the report of Mr. H. S. Douglas, who has special supervision of 
levee work • 

*' construction and repaia of levkbs and survey of unleveed fronts. 

"United States Engineer Office, 

** New OrleanSf La,, October 1, 1884. 

" Sir : I have the honor to submit the following report on * construction and repair 
of levees,' and the ' survey of unleveed fronts,' from October 31, 1883, to October 1, 
1884: 

** During the period a most extraordinary and disastrous flood has occurred in the 
Mississippi River. Tbe levees, both State and United States, have been severely 
tried, and in many cases were found inadequate to restrain the flood. Numerous 
breaks occurred, and others were only prevented by extraordinary efforts. During 
the flood, authority having been given, work was undertaken for the preservation of 
both State and United States levees. Large quantities of material were furnished 
and work done for this purpose, principally upon State levees, which were frequently 
found lacking in cross-section, crown, and height. It is gratifying to note that breaks 
occurred in but two completed United States levees. 

'* On October 31, 1883, six of the eleven levees on which contracts had been let had 
been completed and received, and of the remaining five two have been completed and 
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received to date. The non-oompletion of tlie three remaining leveee is attributable 
to the failure of contractors to place adequate forces upon their works, to the earlj 
rise of the river, and to a very unfavorable working season. 
** The following gives progress ou each levee in detail, and its present condition : 

"TKNSAS FBOlfT. 

" Castleman's to Buck Bidge, near Point Pleasant. This levee was completed under 
contract pripr to October 31, 1883. On March 15, 1884, the river had risen to 45.95 
on the Vicksburg gauge, 2.8 feet below the high water of 1682, and at that time the 
levee was reported by residents of the locality to be safe, they anticipating danger 
only from the waters going over the tops of the old levees at certain low points. The 
river continued steadily to rise, however, and on the night of March 20 the first break 
occurred. 

'' Between the 20th and 23d fifteen breaks occurred In the,State and United States 
levees at this point, eleven being in the new Government work. The flood went over 
the tops of nearly all the levees in this locality, and the new work, not being as well 
grassed and settled as the old, sull'ered the most. 

^' The breaks have all been surveyecl and staked out since the decline of the flood. 
It is estimated that 22,000 cubic yards of earth will be required to close the breaks, 
and under the recent allotment for construction and repair of levees this work was 
advertised and bids for it opened September 27, 1884. 

"SHIPP'S BAYOU TO HARD TIMES. 

** Work was in progress on this levee October 31, 1883, under contract. Slow prog- 
ress was made, and though the contractor was repeatedly directed to increase his 
force and push his \irork, he failed to do so. Finally, on December 8, 1883, the con- 
tract was annulled and authority given to complete the work by open purchase and 
hired labor or contract. Some difficulty was experienced in getting a contractor who 
would undertal^e the work, on account of the lateness of the season, but finally i» 
contract was made to complete the levee by Februury 1, 1884. Work was commenced 
under the new contract December 15, 1882, pnd pushed with great energy, though 
with inadequate force. Heavy and constant rains interfered materially with the 
progress of the work, and the time for completion was first extended to February 20, 
and afterwards to March 15, 1884. 

'* A portion of the embankment across the bed of Lake Saint Joseph continued to 
sink almost as rapidly as the earth was placed on it. Earth became difficult to pro- 
cure, and had to be hauled or wheeled long distances. 

^* In addition to this, the levee commenced to slough badly at several points, so that 
it was impossible to keep it up to grade or put the bank in proper shape. The rains 
filled up the swamps, rendering it impossible to obtain earth to complete these slough* 
ing places. As by a clause in the contract the United States agreed to furnish the 
contractor with workable earth, and this being impossible at the time, it was thought 
best for the interest of the Government to receive the work and make final settlement 
with contractor, which was done. Previous to this, when it became almost certain 
that the main line could not be completed, it was decided to endeavor to hold the old 
front line of levee, which, with the worlt done to keep out the high water of 1883, was 
in fair condition. The line of protection was nearly 2 miles in length, and on this 
line a hard fight was made against the rising river. The force was worked night and 
day, and the protection levee was raised, strengthened, and revetted with sacks and 
lumber. Two decked barges were obtained from Captain Marshal), and earth boated 
long distances. On March 15 the river had risen to 45.95 on the Vicksburg gauge, 
and an additional rise of not to exceed 18 inches was expected from the * Yazoo wave.' 
The protection levee was raised and strengthened to meet this rise, which instead of 
18 inches amounted to 3 feet, the crest of the wave being about 6 inches above the 
high water of 1H82 at Hard Times. 

"On March 20 the situation became desperate, as the river was brimming over 
the protection levee for 2 miles. On the night of the 20th breaks occurred in the 
levees above, causing a temporary fall of about 2 inches at Hard Times. The water 
pouring in through the breaks above inundated the country, and, owing to the pecu> 
liar topographical features of the locality, backed up a«iainst the land side of the new 
main levee, and ou March 21 broke and washed it away for 200 feet. The river con- 
tinued to rise, and eventually overtopped the protection levee, breaking it and the 
main line at numerous points. A survey of the levee has been made and the various 
gaps staked out. It is estimated that 40,000 cubic yards of earth will be required to 
close the gaps and complete the line. Under the recent allotment bids have been 
asked for to do this work and were opened September 27, 1884. 
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It 



HARDSCRABBLB AND BONDURANT. 



' * Work on thiB levee under contract was in progress October 31, 1883. The contractor 
failed to prosecute his work with dae diligence, and there being no prospect of the 
work being completed in a reasonable time, the annulment of the contract was rec- 
omraeuded and approved January 4, 1884. Authority was given to complete the 
work by hired labor and open contract. The lateness of the season and the amount 
of work to be done made ^he prospect for completion rather uncertain. In order to 
expedite matters and prevent even a temporary stoppage, the force engaged by the 
contractor was continued on the work. 

'' The contractor's camps and outfit having been seized by his creditors, permission 
was obtained from the legal custodian to occupy tbe camps and use the outfit. The 
construction of new camps was commenced and additional tools purchased. The 
progress of the work was greatly delayed by exceptionally bad weather, heavy raina 
alternating with severe cold snaps. The Hardscrabble Swamp was flooded and ren- 
dered almost impassable. From January 5 to 18 there were eleven days of con- 
tinuous rain. Under the most extraorditiary difficulties camps or quarters capable 
of accommodating 650 men were built, also master laborers' quarters, kitchen, bake- 
house and oven, warehouse, and office. 

** The road being impassable, a wooden tramway about 4,000 feet long was built from 
the steamboat landing to the new camps for the transportation of material and sup- 
plies. Previous to the anuulment of this contract permission had been given the 
contractor to employ convict labor, and he had employed about 250 of these hands. 
The requisite authority having been obtained, they were continued upon the work, as 
it Would have been difficult, if not impossible, to have replaced this organized force, 
who had their own quarters and tools. The free -labor force averaged about 400 men 
per day, and, considering the suddenness with which the work was undertaken, they 
were organized and handled to great advantage. On February 11 the men demanded 
an increase of wages and quit work. On February 13 their demands were acceded 
to and work was resumed, though with a slightly diminished force. On the day of 
the strike, February 11, the river was nearly over its banks and was rising rapidly. 
A light protectioD levee had been built immediately in front of the main line. On 
February 14 the river rose over the bank in the Hardscrabble Swamp, and after a 
hard fight broke the protection levee and ran through a gap of about 1,*^00 feet in 
the main line. This flooded the camps and caused a suspension of work. The river 
continued to rise and eventually overtopped all of the levee that was below grade. 
The lower end of this levee in the Bondurant field had been completed, but the water 
being on both sides of it, and being exposed to the washing of waves, a crevasse oc- 
curred. Since the decline of the river the bank at this point has caved very rapidly 
and the levee has gone into the river for a distance of about 2,500 feet. Hardscrab- 
ble levee was little damaged by the flood, only two small breaks occurring. It is 
Estimated that 75.000 cubic yards of earth will be required to complete Hardscrabble. 
An entirely new line of levee, estimated to contain 35,000 cubic yards, will be re(][uired 
in the Bondurant field. Under the recent allotment proposals for the construction of 
each of these levees have been advertised for and were opened September 27, 1884. 

''kbmpe breaks and extension. 

" Work on this levee under contract was in progress October 31, 1883. The contractor 
failed to prosecute his work with due diligence, and there being no prospect of the 
work being completed in a reasonable time, the annulment of the contract was re- 
commended and' approved January 6, 1884. Authority was given to complete the 
work by hired labor and open contract. For the same reason, as at Hardscrabiile, the 
contractor's force was continued on the work. The contractor's creditors seized his 
camps and outfit, and permission to use them was obtained from the legal custo- 
dian. The same causes that delayed the progress of the work at Hardscrabble pre- 
vailed here, only the locality being better drained, the damage was not so great. New 
camps or quarters capable of accommodating (500 men were built ; also an office, ware- 
house, bake-house and oven, and kitchen. A wooden tramway about 4,000 feet long 
from the steamboat landing to tbe new camps was constructed. To facilitate the trans- 
fer of supplies and to place Hardscrabble and Kempe in close communication, as was 
necessary, a steam-tng was transferred from the work of improving harbor at New 
Orleans, and a small barge chartered. The portion of Kempe levee built by hired 
labor is probably the heaviest embankment of the kind in tbe State of Louisiana, con- 
sideiing its length. At one point the line of tbe embank ment crosses a slough, and 
for about 1,200 feet it was impossible to procure earth, as the ground was covered 
by water from 2 to 3 feet deep. In order to procure material for the construction of 
the main line at this point, it was found necessary to build two side levees across the 
slough about 500 feet on either side of the main line and parallel to it. Two steam 



REPORT OF THE MISSISSIPPI RIVER COMMISSION. 286 

pumping engines were procnred and placed in position. One of them proved to be 
defective, but the other did good work, and the area between the side and (main levee 
on the land side was soon pumped dry. 

*' Earth could then be ob.iained and men were put to work wheeling it into the levee. 
At the end of Februarv the whole line of the Government work on this levee was well 
on towards completion, except the 1,200 feet in the slough. Meanwhile the river had 
risen to an alarming height, and the seepage water came in so rapidly that it was im- 

J)ossible to procure earth on the river side of the new levee. The Kempe protection 
evee, which had withstood the high water of 1883, was still in good condition, but on 
February 27 a force was put to work raising it as a matter of precaution. On Ma^ch 
11 the backwater coming down from the break at Hardscrabble flooded the new 
camps and the levee line, compelling a stoppage of work upon the main levee. The 
major portion of the force was paid off and about 100 men retained to work upon the 
protection levee. No danger was anticipated until Sunday, March 23. A heavy rain 
commenced in the morning and continued throughout the day, but a force of over 100 
men was kept at work placing sacks and earth. The incessant rain finally caused the 
embankment to commence sloughing at several places, and at 1 p. m. an unexpected 
slough occurred, and notwithstanding every effort the river broke through. The 
tremendous current destroyed any work done to protect the ends of the break, 
which rapidly enlarged. Earth had been taken from the new main levee, all other 
available localities being covered with water, to assist in holding the protection 
levee. The water from the crevasse rushed over the main line at this point, washing 
it away and causing a break of about bOO feet in width. This did not add to the 
volume of water escaping from the river, as the new levee was incomplete at several 
points. A 'run-around' or new line of levee has been staked off to close this break, 
estimated to contain 25,000 cubic yards. Under the recent allotment, proposals for 
building this piece of levee at the crevasse have been advertised for, and were opened 
September 27, 1684. The balance of Kempe Levee, estimated to contain about 63,000 
cubic yards, it is proposed to build by hired labor, and all preparations for the com- 
mencement of embankment construction have been made. 

''lake CONCORDIA BREAKS. 

"This long line of generally light embankment was completed by contract prior to 
the high water of 1883, which it stood without showing signs of weakness. It was 
reported to be in a dangerous condition at several points on March 14. The levee is 
composed of a loose, sandy soil, and is in many places exposed to the wash of the lake 
waves during high water. Measures were taken to protect the levee, lumber and 
sacks being used without stint. Notwithstanding every effort, however, eleven 
breaks occurred between March 23 and 26. The ends of these breaks were protected 
as far as possible to prevent further enlargement. The work necessary to close these 
breaks has been staked out, and it is estimated that 31,000 cubic yards of earth will 
be required for this purpose. Under the recent allotment proposals for this work 
were advertised for, and were opened September 27, 1884. Should there be any sur- 
plus funds from this allotment, it is intended t(» apply them, so far as they will go, to 
raising the grade of this levee, the work being rendered necessary owing to the ele- 
vation of the flood line, caused by the King's Point Cut-off above. 

"green's to pairview. 

"Work on this levee, under contract, continued without interruption or incident, 
and it was finally completed and accepted March 7, 1884. It was not damaged by the 
high water of 1884, although some work was required to prevent sloughing. It is 
now in good condition. 

"atghafalaya front (atchafalaya river to red river landing.) 

" Some trouble was experienced with the contractor on this levee, he refusing to 
fill out certain shortages in the embankment. Finally he did the necessary work, 
and the levee was completed, and accepted December 31, 1883. With the exception 
of two sloughing places, the levee is in good condition. It is proposed to repair 
these two places oy hired labor, the work being too small to do by contract. 



It 



hog point to raccourci (old river). 



" This levee was completed under contract prior to October 31, 1883. It is in 
l^ood condition and requires no work. 
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''RACCOUBd CRBYA8SB. 

** The levee was completed under contract prior to October 31, 1883, bat daring 
the bij^h water of 1884 it showed signs of weakness, and required considerable work. 
A bad crayfish hfde has developed, aud it has proposed to oat this ont, and make 
•aoh other repairs as may seem necessary, by hired labor. 



"stbwart's crbvabss. 

** The levee was completed ander contract prior to October 31, 1883. 
good condition and requires no work. 

** POINT C0T7FBB CRBVA88B. 



It ia in 



''This levee was completed under contract prior to October 31, 1883. A certain 
portion of the embankment across the bed of an old lake had been sinkinc;. When 
the levee was received the sinking had apparently ceased, but upon the decline of the 
river after the high water of 188^) it recommenced, and in Febrnary, 1884, it was 
found necessary to do some addi</ional work at this point to keep the levee up to 

gade; 13.4 cubic yards of earth were placed on the embankment, and up to date no 
rther settling has taken place. 

"SURVEY OF UNLEVEKD FRONTS. 

''A party under the charge of an assistant engineer was sent into the field in the 
latter part of November, lod3, to sur\''ey a line nrom Black Hawk Landing to Bed 
River. The progress of the party was unusually slow, and the work was not com- 
pleted until late m Janaary, 1884. A preliminary line for a levee was surveyed and 
staked off for a distance of about 17 miles. The results of the survey indicate that 
a line of levee can be built with less cubical contents, and consequent cost, than had 
previously been supposed. 

"CUT-OFF AT KINOES POINT. 

" On May 11, 1884, the river made a new channel for itself across the above point. 
The cut-off is located on the Tensas front, about 4 miles below the town of Water- 
proof, aud half a mile above L'Argent Landing, and shortens the river distance be- 
tween those points about 12 miles. A ditch was cut across the point about the year 
1855, and at every high water since that time the river flowed across the point through 
this ditch. The first indications of the river cutting its way through were observed 
on May 7 and 8, when the banks on both sides commnnced caving rapidly, and by 
May 11 the cut-off was made. The ditch before the cut-off is said to have been about 
50 feet in width by 20 feet deep. It is bow the main channel of the river. The fol- 
lowing table of gauge records shows the effect of the cut-off on the river at Kempe 
Levee, 10 miles above; at Waterproof, 4 miles above; and at Natchez, 21i miles below. 
It is to be regretted that no gauge record is attainable at any point nearer to the fuot 
of the cut-off than Natchez. The river was nearly stationary just before the cut-off. 

Gauge records. 



Date. 


Eempe levee. 


Water Proof, 
LouisiaDa. 


Natchez, 
MiasiaaippL 


1884. 
Mav7 


5.25 
b.21 
5.25 
5.21 
6.05 
4.95 
4.75 
4.65 
4.40 
4.10 

*4.05 
4.10 
3.85 
3.75 
3.75 
3.56 

♦3.60 




44.90 


^ 8 :::::::"":::::::::::;.::.::::..: :.::.::. 




44.90 


9 




44.85 


10 




44.85 


11 ■ 




44.90 


12 


3 in fall 
2 in fall 
2| in fall 
2i in fall 
2 in fall 
*n In fall 
24 in fall 
li in fall 
li in fall 
li in fall 
1 infrll 
*i in fall 


44.95 


13 


45.00 


14 


45.05 


15 


45.10 


16 -. 


45.10 


17 


*46.10 


18 


45.15 


19 


45. 15 


20 


45.10 


21 


45.10 


22 


45.05 


23 


*45.10 







* Heavy rain on May 17 and 23. 
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** It is greatly to be feared that the already rapid cavioff in the Kempe Bend will be 
accelerated, thongh the flood-line will be lowered. The last practicable line of levee 
hae been built between the river and Lake Saint John at Gibson's Landing, below the 
cnt-oif. It is highly probable that one of the results of the cut-off will be to destroy 
this levee, in which case a long line of embankment will have to be built on thie 
west bank of Lake Saint John, as has been done at Lake Concordia. The grade of 
the United States Lake Concordia Levee will have to be raised, as even before the 
eat-oif the flood of lti84 proved it to be coo low. 

''protection and preservation of LSyEES, STATE AND UNITED STATES. DURING 

THE FLOOD OF 1884. 

"On March 20, 1884, authority was given to do work on both State and United 
States levees on the Tensas Front, with a view to prevent further breaks. The fol- 
lowing will give a general idea of the amount of work done : At Ash wood Levee 
(State), on Lake Palmyra, a great deal of work was done. From this point to Shipp's 
Bayou no work was done, as the levees were generally overtopped by the flood. 
Earth was boated long distances, and every effort made to hold Shipp's Bayou 
Levee (State). The report on Shipp's Bayou to Hard Times Levee describes the work 
at that point. From Hard Times to Bondurant's no protection work was undertaken^ 
as the country inside the levees was deeply inundated from the Hardscrabble break, 
and several of the levees were overtopped by the flood. Between Bondurant and 
Kempe work was done on the Bruin's Bayou Levee and on the Lee Levee to prevent 
breaks. The work was successful, as no breaks occurred on this stretch. The history 
of the protection work at the United States Kempe Levee is given in the detailed re- 
port on that levee. 

"Considerable work was done on State levees between Kempe and Lake Concordia, 
principally upon the L' Argent Levee. It showed great signs of weakness, and being 
composed of sand was washed badly by the waves. It waH revetted and strengthened 
with lumber and sacks. Constant work alone saved this levee. The protection work 
on Lake Concordia is given in the report on that levee. From Lake Concordia to 
Bed River work was done on State levees and on United States Green's to Fair- 
view Levee at various points. On the Hendersou -Ashley Levee (State) considerable 
work was done raising the embankment, which would have been overtopped by the 
flood. 

*' On March 26 the steamboat H. J. Dickey was chartered for the purpose of dis- 
tributing material for the protection of the levees. She was loaded with 120,000 feet 
of lumber, 50,000 empty sacks, 120 wheelbarrows, and the same number of shovels. 
An assistant engineer was placed in charge, with directions to distribute material at 
threatened points between Poiut Coupee Levee and the head of the district. 

'*The limits of the protection were extended down-stream, first to a point 50 milea 
below Red River, and afterwards to the town of Plaqneinine. Additional allotmenta 
of funds were maide from time to time by the Commission for the purpose of protec- 
tion. Assistant engineers were sent out and given charge of special districts. The 
work necessary for the protection of levees was dcme under their direction. It was 
at lirst expected that if the United States furnished the material the inhabitants 
would gladly furnish the labor, but in almost every case the Government both fur- 
nished the material and paid the labor. The Dickey distributed material from the 
head of Profit Island to Lehman's Store at the upper end of Green's to Fairview 
Levee. From the head of the Atchafalaya to Hog Point work was done at various 
points to prevent wash of waves and sloughing of embankment on the United States 
Levee. From Hog Poiut to Williamsport, on Raccourci Old River, no work was neces- 
sary, as the new United States levee was in good condition. From Williamsport 
around Raccourci Old River, and thence to Morganza, a great deal of work was done 
on State levees, which were badly riddled by cray-tish, lacking in crovrn, cross-section, 
and height. The United States Raccourci Levee in this htreich required a run-around 
to be built on account of a bad cray-flsh hole. 

**The new Bourgeois Levee (State) required a great deal of work, raising, reveting, 
and- strengthening on the rear slope. The Ahreu Levee (State), just above Morganza, 
required considerable work of the same kind. This stretch required additional work 
in June, when an additional rise out of the Red River again put the Mississippi up to 
dangerous height. Two crevasses occurred between Williamsport and the United 
States Raccourci Levee before the Government commenced work. From Morganza to 
Poiut Coupee Landing work was done on State levees, raising, revetting, and 
strengthening. The O'Malley Levee (State), immediately below Point Coupee Land- 
ing, had to be raised and revetted, and the rear slope being very soft, required con- 
stant watching. The United States Point Coupee Levee, commonly known as 
** Scott," remained in splendid condition, except at two points where some work was 
necessary to prevent sloughiug. From Point Coupee to Waterloo the State levees 
required raising, reveting, and strengthening, which was done. At the Waterloo 
Crevasse considerable work was done to prevent further enlargement of the crevasse 
by protecting the ends of the levee. From Waterloo to Hermitage work was required 
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on the Grand Bay Leyee in April, and again in Jane, as it was in a very threatening 
condition. From Hermitage to the head of Profit Island the State levees were in a 
dangerous condition and reqnired considerable work in April and again in Jane. 
In the latter month a crevasse occnrred jast ^elow Hermitage, but it was closed, 
the United States furnishing the material. When the protection work was extend- 
ed to Plaquemine an assistant engineer was sent out to attend to any work that 
might be necessary. This was in the latter part of April, and at that time the river 
had fallen so that no work was necessary. In June, however, when the river again 
rose, some work was done. As indicating the amount of work done it may be stated 
that over 275,000 feet of lumber and 100,000 sacks were used on protection work only. 
In addition to actual labor on some of the levees, watchmen were put on day and 
night to give timely notice of any danger, and to prevent malicious persons from 
cutting the levees. The work accomplished has been of the greatest benefit, for with- 
out it the number of crevasses would undoubtedly have been greatly increased, and 
the cost of new levees to close them far exceeded the cost of the protection work. 

"8URVKY8. 

''The usual monthly estimates have been taken up for payment of contractors. 
Surveys of the actual condition of Shipp's Bayou to Hard Times, Hardscrabble and 
Bondurant, and Kempe levees, at the time of the annulments of the contracts, have 
been made. Work necessary for the closure of breaks in United States levees has 
been staked out in the field. 

I 

Gauge records from March 7 to April 17, 1884. 



Date. 



If aroh 7 
March 8 
March 9 
March 10 
March 11 
March 12 
March 13 
March 14 
March 15 
March 16 
March 17 
March 18 . 
March 19 . 
March 20 . 
March 21 . 
March 22 . 
March 23 . 
March 24 
March 25 . 
Marchf26 . 
March 27 . 
March 28 . 
March 29 . 
March 30 . 
March 31 . 
April 1... 
April 
April 
April 
April 
April 
April 
April 
April 
April 10. 
April 11. 
April 12 
April 13. 
April 14. 
April 15. 
April 16. 
April 17. 



Vlcks- 
barg. 



45.40 
45.65 



2. 
3. 
4. 

» 

o. 

6 

7. 

8 





45.75 
45.80 
45.80 
45.95 
45.95 
45.95 
45.95 
46.00 
46.50 
47.10 
47.85 
48.40 
48.90 
48.85 
48.85 
49.00 
48.80 
48.70 
48.55 
48.40 
48.25 
48.00 
47.75 
47.55 
47.30 
47.10 
46.90 
46.75 
46.55 
46.40 
46.20 
46.00 
45.80 
45.70 
45.60 
45.50 
45.50 
45.50 
45.35 



Saint 
Joseph. 



42.25 
42.45 
42.65 
42.65 
42.65 
42.90 
42.90 
43.00 
43.00 
43.00 
43.00 
43.35 
43.80 
44.66 
44.35 
44.40 
44.63 
44.90 
44 86 
44.84 
44.70 
44.52 
44.40 
44.31 



44.31 
44.19 
44.08 
43.88 
43.71 
43.59 
43.40 
43.40 
43 30 
43.10 
42.90 
42.75 
42.60 
42.50 
42.40 
42.30 
42.20 





Red 


Natchez. 


River 




Landing. 




42.35 


44.60 


43.00 


44.60 


43. 30 


44.65 


43.70 


44.75 


44.00 


45.10 


44.30 


45.10 


44.50 


45.15 


44.70 


45.25 


44.80 




44.80 


45.30 


44.80 


45.80 


45.40 


46.10 


45.60 


46.45 


45.80 


46.85 


46.05 


46.95 


46.35 


47.25 


46.65 


47.40 


46.90 


47.40 


47.00 


47.40 


47.10 


47.30 


47.15 


47.25 


47.25 


47.20 


47. 30 


47.15 


47.30 


47.10 


47.30 


47.00 


47.25 


46.90 


47.20 


46.70 


47.10 


46.60 


47.00 


46.50 


47.05 


46.45 


47. 05 


46 30 


46.85 


46.15 


47.70 


45.90 


46.55 


45.75 


46.40 


45. 55 


46.25 


45.45 


46.20 


45 35 


46.05 


45.25 


45.90 


45.25 


45.80 


45.10 


45.75 


45.00 


45.65 



Baton 
Roage. 



33.50 
33.50 
33.60 
33.90 
34.40 
34.70 
34.90 
34.95 
34.70 
34.50 
35.30 
35.28 
35.30 
35.50 
35.70 
35.90 
36.20 
36.00 
35.95 
36.00 
36.00 
36.10 
86.10 
36. 02 
3.5. 90 
35.80 
3.5. 75 
35.70 
35.65 
35.70 
35.46 
35.30 
35.20 
35.03 
34.95 
34.96 
34 80 
34.60 
34.55 
34.40 
34.35 



New 
Orleans. 



0.42 



0.66 
0.50 
0.46 
0.14 
0.08 
0.08 
0.29 
0.29 
0.00 
0.08 
0.17 
0.06 
0.06 
0.00 
0.00 
0.08 
0.17 
0.17 
0.25 
0.25 
0.25 
1.42 
1 50 
0.50 
0.66 
0.58 
0.62 
0.42 
0.66 
1.08 

"i.6o 

1.17 
1.08 
1.08 
1.08 
1.17 
1.25 
1.32 



I 



REMARKS. 

Crevasse at Davis Plantation, right bank, abont 22 miles above New Orleans. 

Crevasse at Morgan za, right bank, between Red River Landing and Baton Roage. 

Crevasse at Belle Air or idulatto Point, above Baton Rouge. 

Crevasse at Point Pleasant, Back Riage, Shipp's Bayoa to Hard Times, Lower Hard Times, and 
Bondarant's, between Vicksharg and Saint Joseph ; at Kempe and Lake Concordia, between Saint 
Joseph and Natchez ; at Batohelor's, on Raccoarci, Old River, between Red River Landing and Baton 
Roage. 

Crevasse at Waterloo, between Red River Landing and Baton Roage. 

Crevasse at Laooar's, on Raccoarci ; Old River, between Red River Landing and Baton Roage. 
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Extreme high-water readings on gauges, 

(On some of tiiese gauges the water was a little higher than here given, the last colnmn being taken 

from the daily reports.] 



Ganges. 


1862. 


1874. 


1882. 


1883. 


1884. 


Beading. 


Beading. 


Date. 


Beading. 


Date. 


Beading. 


Date. 


Beading. 


Vicksbnrg 

daint Josenh ...... 


51.00 


45.70 


Mar. 20, 21 


48.75 
44.50 
47.76 
48.50 
35.95 
0.42 


Apr. 7 


43.78 


Mar. 25 
Mar. 24 
Mar.24-26 
Mar. 29-31 
Mar. 24 
Mar. 18, 
23, 24. 


49. 00 
44.90 


Natchez 


50.30 


45.58 

47.00 

36.15 

0.00 


Mar. 28, 29 
Mar. 27 
Mar. 26 


Apr. 7 
Apr. 9 


44.00 

45.20 

35.08 

0.00 


47.40 


Bed River Landing 
fiaton Ronsre ...... 


'47.30 


.......... 


36.20 


New Orleans* 






0.00 











* Below high wat^r of 1874. Low water of 1872 = 16.07 on New Orleans gauge. 

'^Tbe above table of gauge records daring the flood of 1884 has been compiled and 
is of interest. The almost imperceptible efl'ect of crevasses on the gauges is a very 
marked feature. It will be noted that notwithstanding over sixty crevasses, large 
and small, between Yicksburg and Natchez, the gauge at the latter point rose with 
great regularity to maximum high water, and then fall with equal regularity. This 
may be accounted for by an extraordinary local rainfall over the Big Black Basin, 
which drains into the Mississippi, principally between the above points. From March 
17 to 23 the measured rainfall at Yicksburg was 4.19 inches, and it is claimed that an. 
equal amount fell at Baton Rouge, being general throughout the Big Black Basin. 
The area of this basin is, according to Humphreys and Abbott, 7,260 square miles. A 
rough computation, based on the foregoing figures, gives 67,000,000,000 cubic feet of 
water, less loss by evaporation, absorption, &c., emptied into the Mississippi below 
Yicksburg on the crest of an extreme flood. Whenever these circumstances recur, the 
result, so far as existing levees are concerned, can readily be surmised. 

^*In concluding, I would express my obligations to the various assistants which you 
have assigned to me from time to time, and to the clerical force on those levees being 
built by hired labor, for the energy and industry shown in the discharge of their du- 
ties. 

" Yery respectfully, your obedient servant, 

"H. S. DOUGLAS, 

^^ Assistant Engineer, 

^*Maj. Amos Stickney, 

*^ Carps of Engineers f U, S, A." 

MONEY STATEMENT. 



Allotted 

Drawn 

Not drawn 

On hand assistant treasurer, New Orleans, September 30, 1884 

In hands of assistants 

Expended to Septembeft' 30, 1884 

Balance October 31, 1883 

Balance due from appropriation October 31, 1883 

Received since 

Expended since October 31, 1883 

Balance on hand September 30, 1884 

Total allotments 

Total expenditoi-es 



At^^ya TensaaPront. 



Front. 



$146, 000 00 

134,000 00 

12, 000 00 

7,091 60 



126, 908 40 



2, 947 22 

34,000 00 

23,961 18 

7,091 60 

146,000 00 

126, 908 40 



$537, 160 00 

447, 160 00 

90,000 00 

2,773 37 

200 00 

444, 186 68 

174, 529 19 



21,000 00 

192,556 82 

2,973 37 

537, 160 00 

444,186 63 



IMPROVEMENT OF MISSISSIPPI RIVER AT NATCHEZ 

LOUISIANA. 



AND VIDALIA, MISSISSIPPI AND 



No work has been done during the past year, ending October 1, 1884, there being 
no funds allotted, and the amount expended from the small balance on hand has been 
for paymeht of watchmen in care of engineer property and expenses of survey party 
and office work. Information having reached this office during the latter part cf 

H. Ex. 64 19* 
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March that a cat- off was threatened at CowpenB Bend, an assistant engineer was 
sent to investigate the matter, and reported from information received on the p^oand, 
the river at the time being at too high a stage to permit of a close examination, 
that the banks along Cowpens Bend and below Bullitt's Bay on were caving consider- 
ably, but the current across the bend indicated no greater velocity at any one point 
than another, and that he could see no immediate danger. On the 25th of June, 
the river having receded within its banks, instructions were given for a survey to 
ascertain the changes in the bends, and establish points of reference to determine 
Aitnre changes. This survey, compared with the Commission's survey of Febm- 
Ary, 1883, shows that a very considerable caving has taken place at Palo Alto Point, 
above Yidalia, permitting the current to strike lower down in the Natchez Bend, 
and considerable caving in Giles Bend, and very much more in Marengo Bend, below 
Bullitt's Bayou. The most dangerous feature of these changes is the wearing off of 
Palo Alto Point and general dropping down of the bend. In letter of September 17, 
18&4, to the president of the Commission it was recommended that as soon as funds 
were available the erosion of the point should be checked by the construction of two 
spur-dikes above the point; work of protection to be afterward? extended up the 
bend and in Giles Bend, based on the experience gained by the first two dikes, which 
it is believed will hold the point. These two spur-dikes, it is estimated, can be con- 
structed for $30,000. Spurs for the protection of the banks around the bends can prob- 
ablv be conHtructed for |lO,000 each, and if this system proves as successful as is hoped, 
each spur will protect an average of about 1,000 feet of bank. In some parts of the 
bends the intervals between spurs would of course be less, depending upon the curva- 
ture. The length of bank to be protected is about 16,000 feet in Giles Bend, and about 
39,000 feet in Marengo Bend, a total of 55,000 feet, which, at (10 per foot, would re- 
quire an expenditure of $550,000. To this must be added the cost of plant, which from 
the experience of New Orleans Harbor would be about $50,000, making a total of 
$600,000. If it should be found necessary to cover the banks with mattress work, the 
cost of $18 per linear foot, as originally estimated by Major Benyaurd, is not excessive. 
The spur system is worth trying, and the plant necessary would be entirely suitable 
for the mattress system if it were necessary to change. 

Approximate estimate of the cost of the work for the protection of the banks above 
Natchez and Yidalia, $600,000. 

MONEY STATBMENT. 

Transfer, September 9, 1882 $7,529 09 

On hand, assistant treasurer. New Orleans, September 30, 1884 2, 672 92 

Expended since September 9,1882 4,656 17 

Balance October 31, 1883 5,331 42 

Expended since 2,658 50 

Balance on hand September 30, 1884 2.672 92 

Total appropriated 90,000 00 

Total expended - 87,327 08 

MOUTH OF RED RIVER, LOUISIANA. 

The survey of the vicinity of the month of Red River, which was in progress at 
date of last annual report, was continued till January 23, 1884, Y^hen the party was 
withdrawn from the field. 

The details of the work are given in report of Assistant Engineer A. O. Wilson, 
and copies of the maps have been forwarded to the secretary of the Commission. 

A project for the rectification of the mouth of Red River and the Atchafalaya 
River was submitted to the Commission December 15, 1883, as follows : 

"project for the rectib'ication of the atchafalaya river and mouth 0» 

red river. 

" United States Engineer Office, 
^*New OrUanSf La., December 15, 1883. 

" Sir J I have the honor to present for the consideration of the Commission a pro- 
eot for the rectification of the Atchafalaya River and mouth of Red River. 

"This problem is one that has engaged the attention of many engineers, and while 
a number of plans for its solution have been proposed none has ever been definitely 



REPORT OF THE MISSISSIPPI RIVER COMMISSION. 291 

adopted as meeting all the requiremeiits of the case, or satisfactorily oyercoming all 
of the difficulties. 

" Before discussing any plan for improvement it is w^ll to briefly state the condi- 
tion of the river in this vicinity and the main points to be considered in any plan for 
so changing these conditions as to permanently overcome all the difficulties. 

"The Mississippi River in approaching the month of Old River from above has its 
deep-water channel near the right bank until it arrives within less than a mile of Old 
River ; the channel then crosses quite abruptly to the left bank, which it follows until 
it has passed Old RWer, when it again returns to the right bank. 

"Between the points of its leaving: and returning to the right bank lie the Angola 
Bar and the mouth of Old River. The first crossing with the consequent bar for- 
mation below it is caused partly by the progressive caving of the right bank, assbowu 
at 'A' on the map, but probably also to a great extent by the deposit of sediment con- 
sequent upon the escape of water through Old River, and over the banks. As this bar 
occurs in the concave side of a bend of the river, it would seem as if it misht be en- 
tirely removed by a proper directing of the current and regularization of the bend 
shore, and this without danger of reformation if the deposit caused by escaping water 
was stopped by confining the water. This bar at times is an impediment to naviga- 
tion and must have some influence in retarding the passage of floods. 

" The oscillations of the water surface at Red River Landing are between the low 
water of 1872, which is on the ^auge, and the flood height of 1882, which is 48.50 on 
the gauge. Owing to the variation of the relative levels of the Mississippi and Red 
rivers, the water at times passes, from tha former towards the Atchafalaya through 
Old River, sometimes in large quantities, at other times the direction of current is re- 
versed ; but each year the flow increases in amount from the Mississippi, and for 
longer periods of time, caused by the enlargement of the Atchafalaya. The difficul- 
ties of the present situation, then, as far as the Mississippi River is concerned, may be 
briefly stated to be the Angola Bar, and the deflection of the water of the river in ever- 
increasing quantities down the Atchafalaya, and we might imagine that in a sufficient 
number of years the bar would grow up to be the left bank of the river, and the Atcha- 
falaya would become the Mississippi. 

" Red River after passing Alexandria flows through a channel which has the high 
land of the Point Maigre Hills on the left and the low ground of the Lamourie swampa 
on the right, until it reaches the high ground of the Avoyelles prairies on its right' 
bank. Then for a distance of about 9 miles of its course the river flows in a valley 
between hills which has an average width of about 2 miles. It then turns sharply to- 
the right, and for 10 miles more has the high ground on its right. At this point, near 
Ware's Landing, the river turns sharply to the left ; leaves theihigh ground, and be- 
ing joined about 33 miles farther down b^ the Black, continues till it arrives at its 
old month, in an old bend of the Mississippi River, at a distance of about 9milesfrom 
the latter river. At this point the water has two channels which it may follow, one 
being to the left of what is now known as TurnbulFs Island and called Upper Old 
River, the other to the right of the island and called Lower Old River. 

'^At high stages the water flows both ways; but the upper channel is filling up, and 
at low water none passes in. The water of the Red passing down Lower Old River- 
reaches the head of the Atchafalaya about 3 miles below the head of TnmbulPs- 
Island ; and here again there are two channels, the Atchafalaya, which receives th& 
greater part of the Red, sometimes all, and the continuation of Lower Old River,, 
which at times carries a part of the Red to the Mississippi, a distance of 6 miles, and 
sometimes brings water from the Mississippi to the Atchafalaya. 

'*The right bank of the Red, from Alexandria to a point near the Avoyelles Prairies^ 
is leveed ; below that point there are no levees. 

''Near this high ground on the right bank a small stream called Choctaw Bayou 
joins the Red, draining the Lamourie Swamps into the Red when the latter is low, but 
in flood season taking water from the Red and discharging it into Pearl Lake, from 
which it escapes southward through bayous and over the Tow land. Black River, en- 
tering the Red from the north, brings in its valley in time of flood, besides its own 
drainage water, all of the water that escapes from the Mississippi over its right bank as 
far north as the Arkansas River, with the exception of that which returns to the Mis- 
sissippi at certain points. The length of Red River from Alexandria to the Atchafalaya 
is about one hundred and ten miles. The high water of 1882 at Alexandria was 77.8 feet 
above the zero of the Barbres Lauding gauge at the head of the Atchafalaya. The same 
high wat er at the latter point was 50.28 feet above the same zero. The high- water slope 
then was 27.52 feet, or about .25 foot per mile. The low water of 1881 at Alexandria 
was 39.25 feet above the Barbre^s Landing zero. The low water of 1881 at the latter 
place was 1.2 feet below that zero. The low- water slope then was 40.45 feet, or about 
.368 foot per mile. In 1881 the water was the lowest and in 1882 the highest ever known. 
Owing to the variations in the relative levels of the water in the Mississippi and 
the Red, the slope of the lower part of the Red is subject to violent changes. When 
the Red is at a comparatively low stage the surface at the head of the Atchafalaya 
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may yary as much as 12 or 14 feet, and at all stages its surface level depends greatly 
upon the condition of the Mississippi. The consequence of this is that at times 
the discharge area of the lower portion, increased hy the hacking up of the Missis- 
sippi, is much greater than at points above, the velocity is sharply checked, and a 
deposition of sediment must result. This deposition is probably most marked in the 
vicinity of the month of Black River, for up to that point the river is considerably 
deeper and wider than above. When the Mississippi falls, the slope of lower Bed 
Biver is increased very considerably, the velocity is greater, and the deposit begins to 
cut out. Sometimes this increase of slope is so rapid that the cutting out of the de- 
posit does not keep pace with it, and then we have the curious condition noted in 
Major Benyaurd's annual report for 1882 ; that is, a slope of only .037 foot to the mile 
below Black River, and a slope of .8 foot to the mile for the fiist 8 miles above Black 
Biver, the latter slope creating such velocity of current that steamboats could only 
stem it by using lines fastened to the shore. An examination of the level notes of 
Major Benyaur(rs survey, however, discloses a much greater slope in the first 2 miles 
above Black River, viz, 2.12 feet to the mile, and as the width of cross-section in 
these 2 miles varied from 200 to 300 feet, it is x)robable that at som^ points a consid- 
erably greater slope obtained. In the flood of 1«82 the total discharge of Red River 
escaped over its south bank, the lower end of the river being tilled with Mississippi 
crevasse water. The present difQcnlties, then, of lower Red River are a continual and 
sometimes rapid and considerable change of slope and sufficient outlet for its floods, 
the latter caused by its lower channel being filled with Mississippi crevasse water. 

** Lower Old River, the connecting link between the Mississippi and the Atcha- 
falaya and Red, being an old channel of the Mississippi, has a high-water width 
equal to the Mississippi for most of its length, and from the head of Tumbull Isl- 
and to the foot has the form of a flattened S* From the foot of the island to the 
Mississippi, a distance of about 1 mile, the channel is nearly straight, with a high- 
water width of about 800 feet, the remainder of the Old River channel having silted 
up. Although at times the current through Old River is quite rapid, sometimes in 
one direction and sometimes in the other, it is often sluggish, and this may occur 
whether the Mississippi is high or low. When the Mississippi water, above the 
low stage, enters Old River highly charged with sediment, it immediately loses a 
great part of its velocity, and drops a large part of its sediment at the mouth. As 
the water advances beyond the foot of Turnbull Island it spreads out into the wide 
channel, loses more velocity, and drops more sediment. If the Mississippi is high 
enough, it spreads over Turnbull Island, dropping most of its sediment near the 
banks. The island is then a large bowl, whose rim constantly grows higher, and a con- 
siderable part of the flood water remains after the flood subsides, forming ponds which 
contain water at all times. As the low-water season advances, and the rivers fall, 
Old River drops into a low-water channel. The deposit at the mouth comes up so 
near the low- water surface that boats cannot pass unless a channel has been dredged 
through. The water from the Missiseippi passing through the straight reach hugs 
the island shore, which is the concave side of the bend, for about two miles, when it 
crosses to the other shore, which then becomes the concave side. The low land lying 
between the high banks, and which forms the low- water bank on one side, like aU 
banks which are overflowed by sedimentary streams, slopes down from the channel. 
These low lands, then, have ponds of standing water after the stream has dropped 
below its low-water banks. The current through Old River makes a well-defined 
low- water channel, less marked at the crossing, and scours out a considerable part 
of the high-water deposit. As the water in the river falls, the water in the ponds on 
either side percolates through the soil and drains into the river. If the river falls 
slowly it sustains its banks while this draining is in progress, but if it falls rapidly, 
the drainage water comes under greater head, and the substrata of the banks being 
converted into a semi-liquid material, and being unsupported by pressure from the 
river, is squeezed out into the river by the weight of the superincumbent earth. 
This action is so decided in this vicinity as to entirely dam up the river for hundreds 
of feet when the conditions are favorable for it, as they were this year. 

^/Tbe present difficulties in Old River, then, are the bar at the mouth, the sliding 
banks, and the insufficient low-water channel depth at the crossing. 

"The Atchafalaya River, previous to about 1846, was so blocked up with raft ma- 
terial that comparatively little water passed down its channel, and the banks below 
gimmsport were never overflowed except fh)m backwater. The State of Louisiana 
undertook the work of removing the raft to make a navigable channel through. Froni 
the time that the channel was cleared the river has been steadily enlarging. As the 
river began to carry the flood-waters of Red River and crevasse water from the Mis- 
sissippi, its flood surface gradually became higher and higher. At first small levees 
were built to protect the adjacent country ; then larger ones, and finally levee build- 
ing was given up in despair, and the plantations below a point about 2l miles on tl^e 
east bank and 30 on the west bank from the head of the Atchafalaya, were abandoned. 

*'This enlargement of the Atchafalaya is still in progress. In the flood of 1882 the 
apper part of the river carried nearly one and one-half times the entire flood diis^ 
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charge of Red River, estiniatiug the latter at 200,000 feet per second; since that time 
the cross-section has still further enlarged both in width and depth. In low water, 
pwing to the great depth, the slope and velocity are exceedingly small, and the ex- 
treme low-water surface at the head of the river is but 1.86 feet above Gulf level. 
The only obstructions to low- water navigation are nnmerc»uR snags and remains of raft. 
In flood the slope of the upper part of the river is qaite sharp, in 18H2 being . 6 feet to 
the mile at the head. Owing to the ragged nature of the banks and bottom, caused by 
the immense and irregular caving and the sharp bends, the river in flood is full of 
whirlpools and eddies and sudden changes of direction of current. These not only 
make navigation extremely dangerous, but diminish the capacity of the channel for 
discharge. I'he difficulties to contend with iu this river, then, are its constant and 
rapid enlargement threatening to take a large quantity of the Mississippi River and' 
devastating the country bejow by its enormous overflows, the lower river being unequal 
to the discharge, dangerous high- water navigation, and snag obstructed low-water 
navigation. 

"The latter difficulty, however, is not a part of the problem before us, except in 
such plans as contemplate the passage of that part of the river by the commerce of the 
Red, Black, and Ouachita. 

" Having thus briefly stated the situation and noted the principal features of the 
problem to be solved, I will note the different plans that have been proposed for its 
solution, without entering into any extended discussion of them at this time.^ But 
before proceeding further it is proper to note another feature of the case, which in 
former years was a very prominent one. It is the drainage of the crevasse water 
escaping from the Mississippi in fl6ods all along its right bank from the Arkansas to 
the Red. la 1882 the maximum escape was estimated to be 500,000 cubic feet per 
second. 

"It entirely filled the Atchafalaya; sent 300,000 feet over country between the 
Mississippi and Bayou BcBuf, and returned about 100,000 feet to the Mississippi through 
Old River. The average of this water, which in previous years was a matter of vast 
importance, is rapidly dropping out of the problem, and in the next year will proba- 
bly be almost insignificant by reason of the leveeing of the entire Mississippi Front 
from the Arkansas to the Red. 

"The following plans have been proposed : 

"(1) To close the Atchafalaya, turning the whole of the Red River with its floods 
into tno Mississippi, and making a connection with the Atchafalaya for its commerce 
by canal and lock at Plaquemine. 

" (2) To separate the Red and Atchafalaya by a low- water dam, turning Red River 
down upper Old River. This would also necessitate a canal and locks at Plaque- 
mine. 

" (3) Close the mouth of Old River, thus making the Atchafalaya a continuation 
of the Red^ opening communication from the Mississippi b^ canal and lock at Plaque- 
mine. This plan also contemplates, I believe, the building of a levee from Black 
Hawk to Red River, so as to leave no opening. 

" (4) Leaving the rivers as they are and opening a low-water communication by 
canal and lock at Plaquemine. 

" (5) Making a cut from Red River near the mouth of Bayou Cocodrie, about 15 
miles above Barbre's Landing, to the Mississippi near Black Hawk, with either a high 
or low-water dam across the Red below the cut. 

" (6) To leave the rivers as they are, and make a low-water connection between the 
Mississippi and Red by means of a canal and lock at Black Hawk. 

" The first plan has been rejected by the Commission as being too dangerous in 
pouriug the floods of the Red into the Mississippi when the latter was at flood height. 

" The second plan while necessitating the costly construction of canal and lock at 
Plaquemine for the commerce of the Atchafalaya, would leave the lower part of the 
Red subject to even greater variations of slope from the backing up of the Missis- 
sippi than is now the case, and would not prevent the loss of water from the Missis- 
sippi down the Atchafalaya. 

** The third plan would change the route of commerce for the Red, Black, and Oua- 
chita, would necessitate considerable improvement in the Atchafalaya, and would, 
probably, be the most costly. 

"The fourth plan would not prevent the loss of water from the Mississippi down 
the Atchafalaya. 

. " The fifth plan would not prevent the loss of water from the Mississippi down the 
Atchafalaya, and, as stated in Major Benyaurd's report, would make an uncertain con- 
nection between the Mississippi and the Red, besides necessitating the Plaquemine 
lock and canal for connection with the Atchafalaya. 

" The sixth plan is subject to the same objections as the fifth, except that the con- 
nection between the Mississippi and Red would not be uncertain. 

" The plan that I have to present is as follows : 

" Divide Red River at the head of Tumbull Island, one branch to be called Red 
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Riyer, to be conducted through upper Old Riyer to the Mississippi ; the other branch 
to be called the Atchafalaya, to be conducted down lower Old Riyer into theAtcha- 
falaya. Each of these branches to haye an extreme low- water surface width of 400 
feet, bottom width of 320 feet, side slope of 1 on 10, depth of 4 feet. As this is to 




Diagram No, 1, showing the inflow and outflow of the flood of 1882. 

correspond to the lowest water known in the Mississippi and the Red, and supposing 
them to be coincident, there would be but yery few days, and only at interyals m 
years, when the depth would not be greater. The low- water surface at the head of 
Tumbuirs Island to be 10 feet aboye the low- water surface of the Mississippi at the 
mouth. This would giye a slope of 10 feet in 9 miles through upper Old River, in 
the extreme case of low water, and would give a yelocity of 2.1874 feet per second, 
or 1.49 miles per hour ; the low-water slope down the Atchafalaya to be 2 feet to the 
mile, and the bottom of the riyer to be brought parallel to this surface. This 



BEPOBT OF THE MISSISSIPPI BITEB COMKISSION. 



'2d5 



vonld give a velooity of 3.54 feet per aeooud or 1.73 milea per hoar. I would propou 
to bring the botMm of the Atebafataya ap to tbia grade by the procees of ailtang up, 
to be aoGompliBhedby tba ooastractionof anbrnersed damsof brash audstone, which 
woald be placed at intervals of about 1 miie, tae ailting between the dama t« ha 
aaaiated bj doable Towa of aubmarged piles with foot-mata at intervala of, auy, oae- 
ooarter of a mile. The aides of the low-water chanoel to be defined b; lonKitiidinal 
dikes of low mattress work where necessary. The channel down npper Old Kiver 
to be likewise deflned, with occasional brush sills across the bottom, to regulate the 



Diagrant No. 3, ahoaing (ft« MiHia$«mmt offiovd <^ftar improvemml. 

depth, and cross-dtkea of pilea to confine the channel. Annming that the water In 
the Atohafalaya might fall to 3.0 on Barbre's gangs, which ia .8 foot lower than ever 
known and only 1.0 foot above Galf level, the allowance being made to provide tar 
the lesHer fiow into the Atchafalaya, the total low-water fall uom the head of Tum- 
bnll Island to the lower end of the improved channel would be 12 feet, aad would 
extend 6 miles from the head of the island to a point about 3 miles below Barbre's 
Landing, which would be about 1} miles above the beginning of the levee ou th« 
right bank. Lower Old Biver I woald close gradnallj, partly by permeable dikes ta 
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cause deposit, the final closure to be by baildiug a levee, if it should be found nec-^ 
easary. 

''This plan is based upon the leveeing of the Tensas front, which now seems assured. 
Now, let us apply the various conditions of the present state of affairs to this plan to 
see how far it will meet the rec^uirements of the case. 

'' With regard to the Mississippi River, none of its water would pass down to the 
Atchafalaya ordinarily, and at no time could it pass in very great quantity or for any- 
extended period of time. As a consequence of this there would be no reason for the 
existence of the Angola Bar if the regular curvature of the bend of the river were 
compelled. 

'* With regard to Red River. The violent changes of its lower slope would be trans- 
ferred to upper Old River, and be limited to a confined regularized channel which 
"^ould maintain itself. Tlie building of the levees along the Tensas front, thus pre- 
venting the escape of any of the Mississippi River water, fortunately simplifies^ to a 
very great extent, the matter of the disposition of the Red River floods. To give a 
clear understanding of the flood condition of the rivers under discussion, I would call 
attention to the two preceding diagrams. No. 1 illustrates the overflow and outflow 
of the water in the vicinity of lower Red River during the flood of 1882, the highest 
ever known. No. 2 illustrates the same with the river improved upon the plan that 
I present and supposing the Tensas Front leveed : 

** During the flood of 1882 it was estimated, upon surveys made under the directiqp. 
of the Commission, that the maximum escape of water from the Mississippi River be^ 
tween the Arkansas and the Red, after deducting the amount that returned to the 
Mississippi, was 500,000 cubic feet per second ; and calling the flood of the Red 200,000 
feet, it would be noted that 700,000 feet of water per second crossed the latitude of 
lower Red River west of the Mississippi ; of this amount more than 200,000 feet 
flowed over the right bank of the Red, west of Old River, none of Red River water 
making its appearance in the Atchafalaya above a point about 3 or 4 miles below 
Barbre's Landing ; 280,000 feet passedinto the channel of the Atchafalaya at its head, 
and enough more passed over the right bank of Lower Old River to make a total of 
about 600,000 feet flowing past the latitude of Red River Landing west of the Missis- 
sippi. These figures are from Commission surveys. The remaining 100,000 feet of the 
inflow passed into the Mississippi through Lower Old River, Upper Old River, and 
across TumbuU Island and the country just north of Upper Old River. The discharge 
of the Mississippi at Red River Landing was about 1,600,000 feet. 

"After passing Red River Landing the escape from the Mississippi through crevassea 
•n the right bank down to Point Coupee was 222,000 feet, which went to swell the 
flood of the Atchafalaya Valley, making the total Atchafalaya discharge 822,000 feet. 
With the Tensas front leveed, the 500,000 feet of crevasse water would be confined 
to the Mississippi channel ; there would then be but 200,000 feet for which outlet must be 

Srovided west of the Mississippi, supposing it inadmissible to discharge any of Red 
liver flood into the Missiissippi. Let us suppose a Mississippi flood to reach the flood 
heiffht of 1882 at the mouth of Old River. This would be about 48.5 referred to 
Barbre'e Landing gauge, that gauge having its zero 3 feet above Red River Landing 

gauge, and the flood Jope being about 3 feet from Old River to Red River Landing, 
low, to prevent any water escaping from the Mississippi, or any passing into it, the 
water surface of the head of Turnbull Island must be 48.5 referred to the Barbre's 
gauge, and the channel down the new Atchafalaya must have sufficient capacity to 
carry 200,000 feet with the water surface at that height. A computation of the dis- 
charge through the new cross-section at what is known as section 4, near the head of 
the Atchafalaya, and about the narrowest section, shows that the discharge will be 
5KK),000 feet with the water surface at that point at an elevation of 48.15, which 
would cive a fall Mb foot from the head of Turnbull Island to section 4, which ia 
ample slope for that part of the river as determined by computation at what is known 
as section 8, Old River (see map). 

"In the computation for section 4, the assumption is made that the slope will be 
at least equal to the flood slope of 1882. Athough the surface at section 4 is to be 2 
feet lower than 1882, I think there can be no doubt that the slope will at least equal 
that of 1882, when we consider that the lower Atchafalaya Valley is to carry only 
200,000 feet) while in 1882 it carried 822,000 feet. As a further proof of this I will 
cite the fact that whilst the flood surface of 1874 was 3.5 feet lower than the flood 
surface of 1882 at Barbre's Landing, it was about 7 feet lower at the mouth of Bayou 
Courtableau, 50 miles distance, as established by one of my assistants. The follow^ 
ing computations are made to exhibit the discharge capacity of the Atchafalaya 
Elver : 

^■^Atchafalaya, section 4 (survev of 1881), Humphreys and Abbot's formula: Water ele^ 
r vation, top of flood, 49.9, Barbre's gauge: A=43,100: W = 1,038; P= 1,094; S = 
.00011364= .6 per mile ; V=6.76; Q =291,356. 
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"Assistant Engineer Ewens' discharge measurements made at a point above section 4 
(March 31, 1882) : A = 38,500 ; W = 1,030 j V = 7,288 j Q = 280,613. , 

" Proposed Atchafalaya section 4, with submerged dam. Water elevation 48.15, Barbres- 
gauge-: A=33.769; W=l,070; P=l,100; S = . 0001 1364 = .6 per mile; V=5.919; 
Q =-199,879. 

'' Tke computation of the discharge through section 4 (survey of 1881) is based on 
the actual flood slope of 1882, as established by levels of H. W. Reynolds, under the 
direction of the Commission. This computed discharge is 3.8 per cent, greater than 
the actual measured maximum discharge as determined by Assistant Engineer Ewens- 
mt a section a short distance above. An examination of Mr. Ewens' notes shows that 
this section on December 23, 1881, when the water was at the lowest stage at which 
a discharge wasmeasnred^ was 3.5 per cent, greater than on March 31, 1882, the date 
of the maximum discharge. 

*' It is almost certain, then, that section 4, only a short distance below it, suffered a- 
similar decrease of area. The above computed discharge of section 4, decreased by 
3| per cent, of 280,600, would give 281,535 cubic feet, showing that the computed dis> 
charge at section 4 agrees very closely with the measured discharge. This, then, aU 
lows us to make the necessary comparison of the discharge capacity of this section as 
it was in the flood of. 1882, and as it would be with the proposed improvement. In 
the flood of 1882 it discharged 280,600 feet per second. With the proposed raising of 
the bottom and with water surface lowered nearly 2 feet, it would discharge 199,87^ 
feet, that is, the entire Red River flood. 

V'As this section is shown in the table in Major Benyaurd's annual report for 1882^ 
to hskve the smallest area. of any of the sections in the first three miles of the Atcha- 
falaya, any other section would have a gieater capacity for discharge. 
- .** The-foUowing is a computation of the slope at section 8, Lower Old River, requi- 
site for a discharge of 200,000 feet, with bottom raised : 

''Section 8, Lower Old River (survey of 1883): Assumed water surface, 48.5, Bar- 
bre's gaugfi, with submerged dam. Assumed Q = 20(T, 000; A = 97,139; V=2.0589f 
W=2,920; P= 2,935: Computed S = .00000 1596 =.0084 foot per mile. 

"The above computed slope of about .01 foot t6 the mile would consume only .0^ 
foot of the .35 foot between elevation 48.5 at head of Turnbnll Island and 48.15 at sec- 
tion 4, leaving .325 foot slope for the half mile above section 4. As the average cros^- 
section width in this half mile is about 1.300 feet, the greater part of this slope would 
be utilized in overcoming the bend resistance. 

** It would then be seen that with a flood equal to that of 1882 the flood height at 
Barbres Landing would be reduced nearly 2 feet with the improved channel, and the 
flood height on the Lower Atchafalaya would probably be reduced to such an extent 
that only small leyees would be required to prevent overflow. 

"As the theory upon which the Commission is proceeding in building levees sup- 
poses a redaction of flood heights of the Mississippi, after the completion of the levees, 
the flood surface at the mouth of Old River would be lower than above given, if the 
theory is correct, in which case a part of the Red River flood would be discharged into 
the Mississippi, with a consequent lowering of the Atchafalaya surface. 

"The same effect would be produced if the flood of the Mississippi and Red were 
not coincident. 

*' With regard to Old River : During the process of forming the new channels- 
Lower Old River would necessarily be used. I would propose to keep it in naviga- 
ble condition by a system of dikes, to direct a>nd confine the low-wat«r channel with- 
ont causing too great a scour. The dikes from the foot of the island to the Missis- 
sippi might be a part of the permanent improvement, and the scour of the current 
passing either way through them would probably maintain a navigable channel 
through the bar at the mouth. I would remedy the sliding banks difficulty, partly by 
moving the channel farther away from the worst bank near Ash Cabin, and by making 
a sufficient number of drains to prevent water standing between the banks at a higher 
level than the river. When Upper Old River became the navigable channel, its- 
confined limits, regular cross section, and constant current would maintain it in good 
condition and sweep out its depth through the bar at the mouth. The sliding banks 
are not so troublesome as in Lower Old River, and the standing pools in the Iqw 
middle ground would soon disappear by compelling the silting up of regular banks 
with slopes towards the river. 

"With regard to the Atchafalaya, the fixing of a stable bottom and immovable 
thalweg would stop the immense and irregular caving of the banks in the improved 
channel ; they would become more regular in outline by the wearing away of projec- 
tions and silting up of cavities, and as a consequence the dangerous eddies and whirl- 
pools would disappear or be greatly lessened. The natural channel below the im- 
provement, having less water to carry, would not enlarge, and the banks would 
gradually become more regular, small levees would confine tne floods, and the deserted 
plantations would again be cultivated. 
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" The project that I present thns appears to meet all of the conditions of the prohlem 
and overcome the difficulties of the present situation, giving a permanent and snffi- 
oient improvement of the navigation without disturbing the present routes of com- 
merce, and making proper provisions for flood discharge. If any of the conditions to 
be met here escaped my observation, I have no doubt the Commission will discover 
them. In the prosecution of this plan, I would propose to commence the work at the 
lower end on the Atchafalaya, constructing the dams in the order of 1, 3, 5, 7, as it 
might be found that 2, 4, 6 would not be necessary, or their cost lessened by decrease 
of height from the silting up of the bottom. I would not at first build the dams to 
their ultimate height, so as to prevent any sudden and harmful increase of slope. 

''According to the testimony of M. Jacquet, chief enginec'r of Pouts et Chauss^es 
<see Colonel Merrill's translation on the Improvement of Non-Tidal Rivers, page 159), 
submerged dams may be brought to within 8 feet of low-water surface without caus- 
ing the least injurious disturbance on the surface. 

** The following is an approximate estimate of the cost of this work : 

ATCHAFALAYA RIVBR. 

7 submerged dams of brush and stone, containing 7,365,719 cubic feet, at 4 

cents 1294,630 

8 miles = two-thirds of entire distance on both sides of channel from Tum- 
bulPs Island to lower end of improvement = 42,240 feet low longitudi- 
nal mattress dikes of brush and stone, 3,168,000 cubic feet, at 4 cents 126, 720 

Cross-lines of submerged piles, 13,600 linear feet, at (^ 68, 000 

Excavation for channel, 868,000 yards, at 10 cents 86,000 

575,300 

UPPEB OLD RIYKR. 

12 miles = two-thirds of entire distance on both sides of channel from head 
of TumbulPs Island to the Mississippi = 63,360 feet low longitudinal 

mattress dikes of brush and stone = 4,752,000 cubic feet, at 4 cents )190, 060 

d6 brush and stone sills across channel, 1,080,000 cubic feet, at 4 cents 43,200 

41,000 linear feet croHS-dikes, at (4 164,000 

Excavation for channel, 408,500 yards, at 10 cents 40, 850 

438, 130 

CLOSING LOWBR OLD RIVER. 

4 dikes = 12,000 linear feet, at $4 f48,000 

Atchafalaya River 575,300 

Upper Old River 438,130 

Lower Old River 48,000 

Aggregate 109,480 

** As Lower Old River will necessarily be used for communication with the Red and 
Atchafalaya (pending the completion of work under any plan that might be adopted), 
I recommend that the low-water channel be directed and defined by a system of dikes 
about as indicated on tracing-sheet 2, and that a Menge dredge should cut drains to 
the ponds in the low ground, and to assist in correcting the channel. The following 
is the estimate of the cost of this temporary work which would be utilized as a part 
of the permanent work if my project should meet the approval of the Commission. 

iBSTIMATE FOR TEMPORARY IMPROVEMENT AT LOWER OLD RIVER. 

13,6001inear feet pile-dikes, at $3..-.. $40,800 

7,100 linear feet low mattress longitudinal dike, at $3 21, 300 

Menge dredge, with scows' 10,000 

One season's work with dredge 3,000 

75,100 

"Of the work for the above outlay about one-half would be utilized in the plan for 

Sermanent improvement. The plant required for above work, in addition to the 
redge, would be 'similar to that used in work on the Mississippi. Much to my disap- 
pointment, the surveys of the vicinity of mouth of Red River have not been com- 
pleted, and I am obliged to present tracings from old maps, which, while not being 
correct in detail, are sufficiently so in general outline to give a fair understanding of 
the project presented. 
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''The exact location of dams or lines of channel is not attempted, and woald re- 
quire careful survey and study. Tracing-sheet No. 1 relates to the general plan; No. 
2 to the temporary work in Lower Old River. The accompanying papers are two 
sheets (tracings showing channels) and seven sheets (cross sections), which are mailed 
in a separate package. 

"Very respectfully, your obedient servant, 

**AMOS STICKNEY, 
** Major of EngmeerSf U. S, A, 
** Lieut. Col. C. B. Comstock, 

" Corps of BngineerSf U, S. A., 

"President MiaaUaippi River Commiaaion.'^ 

In this project provision is made for keeping a navigable channel through Old 
River during the process of the work. No demiite action having been taken on 
this project, I was directed by the Commission to maintain the channel as hereto- 
fore by dredging. Having obtained the proper authority for the hire of a plant, two 
tugs and a stern-wheel steamboat started the work of scouring on August 8, 1884. 
At this time the depth of wafer was as follows : 

On the bar at mouth of Old River, 13. 5 feet. From mouth of Old River to the 
Atchafalaya the least depth was 13 feet on the crossing. On the bar at the head of 
the Atchafalaya River the least depth was 14 feet. 

The tugs employed on the work were of 8u£Boient draught and power to stir up the 
bottom long before the depth decreased to an extent to cause any interference to 
navigation. They worked until August 31, when the river had fallen to 9. 4 feet at 
Red Kiver Landing, and 6. 8 feet at Barbre's Landing. It was then found that they 
could not cut away the bottom so as to maintain a channel deep enough for them to 
continue at work, and after some narrow escapes from capsizing, they were laid up at 
Barbre's Landing. A scraper was.then made of anchors, and the lip of a dredge dipper 
fastjcned to a horizontal timber and hung over the bow of the stern- wheel steamer, 
which, ]l)acking down stream, dragged the scraper, and by this means gradually deep- 
ened the channel. But this was not su£Bcient to maintain a channel, as the material 
in suspension in the Mississippi River water was deposited in the comparatively broad 
channel between Chandler's and Barbre's. To confine the flow to a narrower chan- 
nel, spurs were thrown out from the bar shore. They were constructed of willow 
brush, thrown between two rows of stakes, and weighted with sand-bags. Fifteen of 
these spurs, each about 60 feet long, were placed, and produced a good effect. Two of 
these willow structures were alse placed on the bar at the mouth of Old River to de- 
fine and help deepen the channel. A Menge dredge was employed to work in connec- 
tion with the other boats. It was to have been at Old River about August 7, but 
owing to a breakage of her machinery, she did not arrive till August 26. This delay, 
however, was of little consequence, as the channel had been maintained with plenty 
of depth. It commenced work September 1, in the bar at the mouth, but owing to' 
inability ta hold itself in the current, accomplished little good. It was then taken 
to the bar at the head of the Atchafalaya, which had increased in width and shoaled 
considerably. 

After working a short time it was removed to await new lines and anchor. On 
September 15 it was again placed at work on the bar at the mouth, and has been doing 
better but n(»t entirely satisfactory work. 

On September 12, the scraper having deepened the channel over the Atchafalaya 
bar to admit the tugs, they were put to work, and have maintained at least 7 feet 
depth. At last reports the depths through Old River were as follows : 

From mouth to the gut, least depth, 7 feet ; in the gut, least depth, 5 feet ; from 
the gut to Chandler's Landing, least depth, 6 feet ; Chandler's to Barbre's, least depth, 
4 feet ; on Atchafalaya bar, 7 feet. 

This method of keeping Old River navigable during low water cannot be relied on. 
We have had a hard fight to maintain the channel, and I would recommend that some 
structures be placed for contracting the low-water channel before another season. 

Approximate estimate of the cost of the work for the rectification of the mouth of 
the Red and Atchafalaya rivers, according to my project of December 15, 1883, with 
10 per cent, added for contingencies, is $1,072,902.80. 

The following is the report of Mr. A. O. Wilson on the survey of the vicinity : 

"survey op thr mouth of red river and vicinity. 

" United States Engineer Office, 

^'Neto Orleana, La,, April 30, 1884. 

'' Major : I have the honor to submit the following report, with the map, cross- 
section sheets, and tables of gauge readings and current observations, made from the 
survey of the mouth of Red River and vicinity. 
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'^In accordance with yoar iustmctioDs to proceed to the mouth of Red River and 
make a thorough and accurate survey of the vicinity, relocating and repeating all the 
cross-sectiouR as shown on the maps from the surveys of 1879, 1880, and 1881, 1 
arrived at the Red River Landing June 10, 1883, my party of twelve being complete^ 
with the steam-launch Maud Rand, ou the 22d of Juue. 

" EXTENT AND METHOD OF SURVEY. • 

''The survey extends on the Mississippi River from a point below the Red River Land- 
ing to a point 2 miles above the month of Old River, consisting of a carefully chained 
traverse line up the right bank, with accurately located triangulating stations half a 
mile apart, from which a series of angles were taken upon flaff stations placed along 
the opposite bank at every point or change in the line of the bank, and upon all 

IiTominent buildings, Grovemment lights, and four triangulating stations along the 
eft bank. 

'' The distance between the first two triangulating stations on the right bank i^ 
2,235.8(i feet, carefully measured and checked with a steel tape measure, constituted the 
base line of the tnangulations, whereby all the other chained distances between sta- 
tions have been checked and proved correct. 

'' The line of the top of the bank was taken by measured ofi^ts every 200 fe^i 
from the transverse line. Sixteen cross-sections were taken in the Mississippi from 
Carres Point to the Red River Landing ; the locations of the soundings were made by 
angles measured by two transits on the stations, chosen so as to give an intersection 
on the range of the cross-section, each section being sounded over twice, the crossr 
Motions being carried on to the top of the bank and connected with the traverse 
line by levels. 

''A chain* d line, run with a transit and checked by stadia measure, wa9 run froui 
the swamp below the Red River Landing along the top of the levee to a point 5 miles 
below Simmsport, on the Atchafalaya River, with the topography, locating aU 
ohnrches, schools, gins, houses, roads, and fences in the vicinity of the river, also 
all the Atchafalaya cross-sections. 

'•'A tiaverse line was run along the right bank of Old Rirer from the Mississippi 
to the foot of Turnbull's Island, locating the cross-sections U, D, V, and H, with on- 
sets every 200 feet, to the top of the bank, and angles on flag stations on the opposite 
bank; thence along Turnbull's Island, relocating the cross-sections of 1880 and 1881 
in the Lower Old River, lettered, respectively, T, 8, R, P, N, M, L, and K, where it jw 
oonneoted from Ash Cabin by triangulation with the line on the top of tbe levee near 
Chandler's Landing ; also with the chained transit line, checked by stadia measure, 
running completely around Turnbull's Island, which locates all levee work, roads, an4 
buildings ou the island; also the 11 cross-sections taken in the Upper Old River, thQ 
cross-sections in the Red River, taken for the low- water discharge, and the crosQr 
sections in Old River between the mouth of Red River and the head of the Atchafalaya 
River, previously taken in 18/9, 1880, and 1881. A chained transit line was run from 
the foot of Turnbull's Island connecting with the Mississippi traverse line at Carr's 
Point. 

^'*A cliained transit line was run from the Mississippi at Carr's Point, locating the 
high ground and levee work, to the Upper Old River, connecting with the traverse 
line on TumbnlFs Island at Cross-section No. III. 

*^ The transit lines were connected with all the known fixed points of previous sur- 
veys, a!id permanently referred t<o 6 stone monuments, placed in pairs, one pair lo- 
cated on the high ground back from the Mississippi at Carr's Point, 1,376.05 feet 
apart ; the second pair near the head of TurnbnlPs Island, 1,722.9 feet apart ; the 
third pair on the side of the road between Chandler's Landing and Barbre's Landing, 
1,611.1 feet apart, with Mississippi River Commission iron bench-mark in the planta- 
tion of J. Torras, and the stone monument bench-mark in the levee directly in front 
of the iron bench-mark, near the residence of J. Torras; also with the Coast and Geo- 
detic Survey stone monument half a mile above the mouth of Old River, on the right 
bank of the Mississippi River. 

** LINES OF LEVELS. 

"Two lines of levels were run from the Red River Landing to Barbre's Landing^ 
starting from a bench-mark established in 1880 by Mr. Rees ; both lines agree with 
each other, and with the difference between the Red River Landing gauge and that 
at Barbre's Landing of 0.32, as established by Mr. Rees in 1680. 

**A line of levels was carried down the Atchafalaya, checking with itself and with 
the bench-marks of Mr. Collins at Simmsport. A line of levels was carried from the 
mouth uf Old River up the Lower Old River, and connecting with the line along the 
levee on every cross-section run from rurnbuU's Island to the levee ; another line 
ran completely around Turnbull's Island, showing the height and every break in the 
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levee work on the islandi connecting and checkingwith a line of levels run from Bar- 
bre's Landing gauge to the discharge sections in Ked River near the head of Turn- 
bull's Island. 

*^A line of levels was run up the right bank of the Mississippi to a point 2 miles 
above the mouth of Old River; another line was run from the high ground at Carr's 
Point, showing the height and breaks of the levee work between the Mississippi and 
the Upper Old River, connecting with the level line on the island. A line was also 
run from Caries Point across the bottom of the old bed of the Mississippi to the foot 
of Tumbuirs Island. Bench-marks were established about every half mile on these 
lines, from which all the cross-sections were taken and the surface of the water at 
the time of sounding. 

'' NUMBER AND LOCATION OF CROSS-SRCTIONS. 

" The sixteen cross-sections in the Mi8sis9ippi number from 0, at Carr's Point, to 16, 
at the Red River Landing ; the numbers from 1 to 7 are in identically the same loca- 
tions as sections previously taken in 1880 and 1881. 

^' Cross sections in Red, Oldy and Lower Old rivers, — ^Number 1, with another section 
sounded 200 feet below it, at the mouth of Red River, were taken on the 16th of Oc- 
tober for the low-water discharge of Red River, the gauge at Barbre's Landing read- 
ing at the time —0.3 foot. At this time both the Upper and the Lower Old rivers were 
dry, so that the low-water discharge of Red River of 1883, amounting to 6,961 cnbio 
feet per second, is exactly the same as the discharge through the head of the Atoha- 
falaya River. The observations for the discharge were taken on a perfectly calm day 
by a series of floats run with sinkers at mid depths on each subdivision, the river being 
divided into ten subdivisions, and the discharge for each being calculated separately; 

"Cross-sections 5, 7, 8, A, B, and C, in Old River, between the mouth of Red and 
the head of the Atchafalaya, are located as nearly as possible over the same lines as 
Those similarly designated in the previous surveys. In the Lower Old River the 
cross-sections are lettered and located as those of the two previous surveys, and are 
as follows, commencing at Barbre's Landing : £, F, 6, 1, Z, X, K, L, M, N, P, R, S, and 
T, at the foot of Tumbull's Island; in the mouth of Old River, between Tumbull's 
Island and the Mississippi, Cross-sections D. V^ and H, as located and sounded by Mr. 
John Ewens in 1882, and Section U of previous surveys. 

" In the Atchafalaya the sections are distinguished by numbers. No. 2, at the head, 
down to No. 12, 2 miles above Simmsport, are over exactly the same line of section as 
those of Mr. Rees. Nos. 2, 4, 6, H, 10, and 12 were taken ; the others, Nos. 13, 14, 15, 16, 
and 17, though not exactly on the line, can be compared with sections previously taken 
close to them by Mr. H. C. Collins in 1880. The soundings for all the above-mentioned 
cross-sections were carefully located by angles measured with a transit, and calculated 
from a carefully measured base of not less than 50O feet, each section being sounded 
Over three different times, each line being plotted and calculated separately from the 
others, so as to give a thorough check and detect any error. 

** The cross-sections in the Upper Old River, with the exception of a part of two which 
were sounded as those in the Lower Old River, were taken by level and chain across 
the dry bed of the river ; all cross-sections were connected with the traverse lines, 
both by transit and level. To facilitate any frittire comparison that may bereqnired^ 
the sections of the Upper Old River are numbered in Roman figures. No. VIII fol- 
lows nearly the line of No. Ill of the survey of 1879 ; No. VII, that of No. V ; No. VI, 
of Nos. VII. Nos. V',V, IV', IV,III,II, and I are new sections. The map will show clearly 
the location and extent of the cross-sections ; also the soundings taken and located by 
the intersection angles of two transits in the mouth of Old River and the Mississippi 
adjacent. 

I 

'* 0B8BRVATI0NS OF THE DIRECTION AND VELOCITY OF THE CURRENT IN THE MOUTH 

OF OLD RIVER. 

"According to your letter of instruction received July 18, 1883, notes were taken 
every day of the direction of the current, and the velocity was ascertained by the 
running of two floats with sinkers suspended at average mid-depth. The course of 
the floats was about 50 feet on either side of the line of the deepest water in the chan- 
nel, and the time taken while jpassing a carefully measured base line. The results of 
these observations are shown in the table of comparative gauge-readings, direction 
and velocity of the currents in the mouth of Old River. 

"The actual readings of the Red River Landing gauge are reduced by 0.3 feet to the 
datum of the Barbre's Landing gauge, the zero of which is 0.3 feet above the zero of 
the Red River Landing gauge; and, by the following extract from Maj. W. H. EL 
Benyanrd's report to the Chief of Engineers, February 15, 1882, it 183.06 feet above the 
level of Gulf. (Bztraot). 
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''The lowest water ever known at that point occarred on September 18, at which 
time the water service had fallen at Barbre's 1.20 feet below the zero of that gan^e. 
This zero is 0.3 of a foot above the zero of the gauge at Red River Landing, which 
corresponds to the low water of 1872. 

" From the date of the highest water of the year 1863, which occurred April 9, the 
direction of the current in Old River was out towards the Mississippi until July 1, 
when it changed in towards the Atchafalaya ; during this time the fall of the water 
was slow and only amounted to 6.8 feet. The water was over the banks of Old River 
below the foot of Turnbull's Island until the end of July ; the same condition of the 
direction and course of the current, as Mr. Rees notes in his report on the Survey of 
1880, occurred frequently, namely, that at times when the difference of the water 
level of the Mississippi and the Ked River were very slight, the current came down 
the Upper Old River from Red River to the foot of Tnmball's Island ; thence, by the 
Lower Old River, into the Atchafalaya River. The annexed table of comparative 
gauge readings and notes of the direction of the current and its velocity will show 
that during the fall of the water the direction changed visibly five times, and that it 
was often almost stationary. The fall of the water was gradual until September 1, 
when the stage of the river was 14.90 at both gauges, after which the fall was rapid. 
October the 15th both the Upper and Lower Old rivers were dry. 

** October 18, the water in the Mississippi having risen to 5.9 feet on the Red River 
Landing gauge ; the flow of water in the Lower Old River resumed the surface f&U 
£rom the Mississippi to Barbre's Landing, being 5.8 feet, and increasing to 6.9 feet on 
the 23d and 24th of October, the current at this time in the narrow gut near Ash Cabin 
being terrific. Both rivers steadily rose until December the 14th, the current, owing 
to the bead of water more than to the surface fall, being very strong. The water feu 
on the Barbre's Landing gauge 9.4 feet from December 14 to December 30, the velocity 
of the current steadily decreasing, after which it suddenly increased in velocity and 
rose rapidly until the 15th of January, 1884, the strongest current being on the 9th 
and 10th of January, at the rate of 7.04 feet per secoud, or very nearly 5 miles per 
hour. January 23 the current was again almost imperceptible. At this date the cur- 
rent observations ceased, the survey being completed. 

'^ OBSERVATIONS ON THE ATCHAFALAYA. 

'*The bottom and both banks of the Atchafalaya River are very ragged and irregu- 
lar in their formation, caving and washing out in small, deep' bays, the months of 
which are afterwards blocked up with sand-bars ; large masses of earth frequently 
sliding into the bottom and standing up in sharp ridges or in rough pyramids, chang- 
ing greatly the shape of a cross-section, and causing the current at high water to be 
very turbulent, full of whirlpools and vertical eddies. 

*^The table No. 2, showing the change in the areas above and below the datum line 
of the zero of Bar bre's Landing gauge, with the amount of their scour or fill from 1880 
to 1881, and 1881 to 1883,' gives the information that the Atchafalaya continues to en- 
large on every cross-section with two exceptions only, and those between the years of 
1880 and 1881, the first on Cross-Section No. 2 near the head, amounting to 1,550 square 
feet below the zero line, the other was on Cross-Section No. 6 and only amounted to 
300 square feet. By examining the comparative cross- sections of that year in the 
Lower Old River this shoaling of the head of the Atchafalaya will be accounted for 
by the enormous scour shown on almost every cross-section, and the fact that there 
was a steady and strong current from the Mississippi towards the Atchafalaya during 
the fall from high to low water of lt581. 

** The nature of the soil of which the bottom and banks is composed is of a very va- 
riable character, and in no portion within the limit of the survey can a cross-section 
he obtained .that will show the same character of soil from bank to bank. A uotAble 
subsidence is shown on the comparative Cross-Section No. 6, where a very large mass 
of bank, apparently of a stable character, settled vertically, leaving a perpendicular 
break in the bank of 13 feet in height. This took jilace between the months of June 
and November, 1883. 

"The flood surface slope at the highest stage of the Atchafalaya ever known on the 
first 32 miles from the head had an average slope of 6^ inches to the mile, taken from 
the high-water mark at Barbre's Landing of the year 1882, which was found by Mr. 
H. W. W. Reynolds to be 50.21 feet above the zero of the gauge, and the high-water 
mark at West Melville, the point 32 miles from the head, where the New Orleans Pacific 
Railroad crosses, the elevation of which , referring to the same datum, is 34 feet, and 
would read 37 feet on the West Melville gauge as it now stands. 

" I will here add the flood notes of 1884, as they may be of interest. 

" By the different gauge readings the highest water at the Red River Landing, 
Barbre's Landing, and Simmsport (5 miles from the head of the Atchafalaya) gauges, 
was recorded March 30 and 31, 1884, and was as follows, respectively, referring to the 
datum of the zero of Barbre's gauge, 47, 48.60, and 46.55 feet, and tne West Melville 
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ganee readine the same date March 31, 30.45 feet, and arriving at the highest poini 
April 5, 30.8 feet. From the above data we find the flood sunace fall on March 31, 
1to4, on the first 32 miles, to be at the average rate of t)f inches to the mile, and 
on the first 5 miles, 5 inches to the mile. 

** The low- water surface slope of the Atchafalaya on the first 32 miles from the head, 
from the gauge readings October 16, 1883, was found to be five-eigbths of an inch to 
the mile, and the discharge through the head 6,951 cubic feet per second, Barbre's 
gauge reading 0.3 below zero, and the West Melville, referring to the same 2.1 feet be- 
low, which was the lowest of the year, and Barbre's the next day, October 17, 18H3, 
0.4 foot below, at which time tbere was not the slightest discharge either from the 
Upper or Lower Old rivers, and i he water very clear and free from sediment. 

"OBSERVATIONS IN THE LOWER OLD RIVER. 

" It is well known that what is now called Old River once formed the bed of the 
Mississippi River, now very much filled up by river deposit of a mixed and very un- 
stable class of soil. In the Lower Old River, when the current is out towards the Mis- 
sissippi, the bar on the north side builds rapidly. The growth of young willows op- 
posite Barbre's Landing forms a natural screen through which the current runs, causing 
it to deposit its sediment along the bar which extends to the crossing near Cross-Sec- 
tion X, where it joins or overlaps the bar formed in a like manner along the south side 
of this part of the river by the current when it is ' in ' from the Mississippi River. 

" It is plain to the obsei-ver^ and proved by a series of surveys, tbat as the direction 
of the current is subjected to change, either *in' or *out,' with a large natural 
screen tc» check the velocity and thereby precipitate the sediment carried by the flood 
waters, the condition of , the low-water channel must continue to get worse. It is 
true that some years the low-water channel may improve temporarily. This is 
brought about, as in the year 1881, by the current continuing in one direction for an 
unubual length of time, and as this is more liable to be *in' from the Mississippi 
owing to the closure of the Tensas by levees so that there is a possibility of the chan- 
nel from the Mississippi through the Lower Old River being improved, but not with- 
out also increasing the enlargement of the Atchafalaya. The table showing the com- 
parative scours and fills, and the cross-sections will show the enormous scour that 
took place during the year 1881, and the table of gauge readings with the direction 
and velocity of the current through the mouth of Old River account for it; the same 
tables also show and account for the very large amount of deposit shown fi'om the 
year 1881 to 1883, and proves the eccentricity that the locality is liable to. The re- 
port of Major Benyaurd to the Chief of Engineers of 1882 mentions the possibility of 
a condition of the low-water channel as actually occurred this season of 1883. The 
very sluggish currents with the constant changes of direction show as in the year 
1880, which, together with the rapid fall of both rivers after September 1, and the 
low stage that the water fell to on the Red River Landing and BArbre's Landing 
gauges, made it impossible to keep navis^atlon open by the method of previous years ; 
namely, the dredge at the mouth of Old River, and two propeller tugs with a* stern- 
wheel steamer. 

** All navigation through the Old River was stopped from September 27 to October 
18. The sloughing and sliding in of the banks, remarked in previous low- water sea- 
sons, took place, to a very large extent, along both banks of the low-water channel 
of the Lower Old River, from the Crossing to the Mississippi. This is caused by the 
sustaining pressure of the water being removed, the suction power of the water oozing 
out through the sandy strata in the deposited soil with which the banks are formed. 
Where the sloughing of the bank is only slight, the water with which the banks are 
saturated baa been enough to etfect them ; but, in every case where the sloughing haa 
been extensive, land-locked water has been found in ponds or sloughs at some Tittle 
distance behind the slides. The sliding in of both banks in what is called the Gut, 
near Ash Cabin, pushed the soft mud of the bottom up into two mud walls, with 
a channel only 22 feet wide between them. These walls being exposed to the air 
soon became hard enough to walk upon ; in the portion of the Channel from Ash 
Cabin to the crossing, flat-topped circular, mud lumps were forced up by water and 
gas jets, leaving them in the shape of an inverted soup plate, with a small, deep, 
round hole in the center. A very large subsidence on the right bank in the mouth of 
Old River took place August 28, 1883 ; it extended fully 2,000 feet along the bank, 
and its cross-section area is shown on CrosM-Section Y ; in this locality the deposit on 
the top of the bank by levels taken February, 1883, and August 26 of the same year, 
amounted to 2 feet, divided into two distinct classes, the lower half being of pure 
sand and the upper of a soft, brown clay substance. The mud bars, or low-water 
banks, show by the cross-sections a large deposit all through the Lower Old River 
since 1881. The bar from Barbre's Landing to the crossing is formed chiefly of red 
sand similar to the banks of Red River; very little of this is seen in the bars between 
the crossing and the Mississippi River. 
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^'observations IN THE MISSISSIPPI RIVER IN THE YICIKITT OF THE MOUTH OF OLD 

RIVER. 

'* The acoompanying map of the MiasiBsippi River from Carr's Point to the Red 
River Landing shows the location of the cross-sections, the contour lines of 1884, and 
the oiian^e in the line of the right hank above the mouth of Old River. 

** In this portion of the river the comparative cross-sections show that the channel 
near the right bank is deepening greatly and the bank is steadily washing. In many 
places it is now almost perpeodicular, though only one cave of any extent is notice- 
able below Carr's Point ; the channel on the opposite side is shoaling up and the bank 
is making on the low- water portion. 

'* The cross-sections Nos. I to 7, inclusive, are a repetition of those of 1880 and 1881; 
Nos. 8, 9, 10, 11, 12, 13, 14, and 15 are new lines, but comparative cross-sections have 
been made from the soundings, on the lines of the three cross-sections taken below 
the mouth of Old River in 1881, No. 1 of which shows the right bank to be extend- 
ing out; but with this exception and the shoaling of the deep channel near the left 
bank the cross-sections show considerable enlargement ^nd a large scour on the An- 
gola Bar. The comparisons may be affected by the different stages of the river at the 
time the soundings were taken, those of 1880 and 1881 being taken at less than 9 feet 
on the gauge, and those of this survey in January, 1884, with over 32 feet on the 
gauge and a strong current running. The contour lines show that a good, navigable 
channel of 20 feet below extreme low water exists both above and below the mouth 
of Old River as the survey extends either way. 

'*The location of the three cross-sections of 1881 below the month of Old River are 
shown by dotted lines on the map of the Mississippi, plotted on the scale of 2Q0 feet to 
1 inch. 

"OBSERVATIONS IN THE UPPER OLD RIVER. 

** The cross-sections in the Upper Old River show the bottom of the river in the chan- 
nel to.be 7.5 feet above zero on cross-section No. 11, and on the other sections from 4 
to 6 feet above ; the character of the bottom being soft mud, the banks as compared 
with the Lower Old River are much more stable and free from sloughing, and, with 
the exception of the entrance through the Sugar-House Chute, the river presents a 
much more navigable appearance and is favored by steamboatmen whenever there is 
water enough to go through it. 

**The Upper Old River for its entire length may be said to have one old and reliable 
bank free from sloughing, though it is not always on the same side, and the opposite 
bank is more systematically contracted by the natural-growth willows than the 
Lower Old River; a very slight amount of work would concentrate and confine th6 
low- water channel, and if by any means the current was so controlled, so as to cause 
it always to flow in one direction, the channel would quickly scour out and maintain 
itself. 

** The survey was prosecuted under very great difficulties, the character of the 
malarial fevers peculiar to the locality being more virulent than the residents have 
known for years ; of the party that I commenced with not one was able to romain 
through the survey with me; during the survey I had four different levelers, eight 
different rodmen, six cooks, and the changes among the boat and axmen were inces- 
sant ; two of my party died soon after leaving the work, and several were ill for months 
afterwards, the amount of time lost by sickness being nearly equal to the actual time 
consumed while at work on the survey ; this will account for the somewhat slow 
progress made on a survey at any time very tedious to make, on account of the difi6l- 
cnlty in finding the exact location of the cross-sections proviously taken, so as to insure 
a fair comparison. 

'* Accompanying this report aro : 

"Table No. 1. Showing the gauge-readings from the date of the highest water of 
1883 to the end of Januarv, 18b4, with the direction and velocity of the current 
through Old River during the time of the survey. 

*' Table No. 2. Showing the changes in the areas of the Atchafalaya cross-sections 
above and below the zero line of Barbres Landing gauge, which is approximately low 
water. 

^ ** Table No. 3. Showing the changes in the depths on the line of deep water in the 
low-water channel through Old and Lower Qld River to the Mississippi River. A 
large map of the whole survey plotted on a scale of 800 feet to 1 inch. 

*' A map of the Mississippi River in the vicinity of the mouth of Old River, plotted 
on a scale of 200 feet to 1 inch. 

** No. 1. Roll of cross-sections in the Atchafalaya River. 

'*No. 2. Roll of cross- sections in the Upper Old River. 

"No. 3. Roll of cross-sections in th6 Old and Lower Old River. 

"No. 4. Roll of cross-Sections in the Mississippi River, 1884. 
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"No. 5. Cross-sections in the Mississippi below the mouth of Old River, 1881, com- 
pared with soundings of 1884. 

'*! have endeavored to divide up and arrange this report under different headings 
in order to facilitate comparison with the previous surveys and reports* and to save 
time iu referring to different parts." 

» 
Table No. 1. — Gauge readings at Bed Biver Landing, Barbre^s Landing, and mouth of 

Old River, Louisiana^ toith directions and velocity of current through Old Biver, and rise 

and fall hetiveen Bed Biver Landing and Barbre'a Landing, r^erring to the zero of Bar- 

hrt^a Landing. 



Date. 



Hay 



1883. 
Apr. 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
Jnne i 

2 
3 
4 
5 
6 



to 

a 

a 

OS 

hi 

u 

> 



(A 



44.90 
44.85 
44.75 
44.65 
44.53 
44.42 
44.30 
44.15 
44.00 
43.85 
43.70 
43.57 
43.45 
43.33 
43. 33 
43.21 
43.11 
42.95 
42.80 
42. 73 
42.73 
42.64 
42.58 
42.48 
42.40 
42. 35 
42.37 
42.37 
42.20 
42.15 
42. 20 
42.20 
42.20 
42. 17 
42.14 
42.10 
42.10 
42.10 
42. 08 
42.05 
42.00 



41 
41 
41 
41. 



41.40 
41.15 
41.10 
40.80 
40.60 
40.45 
40.37 
40.50 
40.30 
40. 20 
40.20 
40.15 
40.00 
39.90 



95 
90 
80 
60 



a 

eB 

« 

u 

u 
08 



46.30 
46 30 
46.20 
46.10 
46.00 
45.80 
45.60 
45.50 
45.30 
45.10 
44.90 
44.80 
44.60 
44.40 
44.40 
44.20 
44. lU 
43.90 
43.80 
43.90 
43.90 
43.60 
43.50 
43.40 
43.30 
43.20 
43.30 
43. 30 
43.10 
43.00 
43.00 
43.10 
43.10 
43. 10 
43.10 
43.10 
43.10 
43.00 
43.00 
43.00 
42.90 
42.80 
42.80 
42.60 
42.40 
42.20 
42.20 
42.10 
42. 00 
41.80 
41.50 
41.40 
41.40 
41.20 
41. 00 
41.00 
40.90 
40.70 
40.60 



p 



1.40 
1.45 
1.45 
1.45 
1.47 
1.38 
1.30 
1.35 
1.30 
1.25 
1,20 
1.23 
1.15 
1.07 
1.07 
0.99 
0.99 
0.95 
1.00 
1.17 
1.17 
0.96 
0.92 
0.92 
0.90 
0.85 
0.93 
0.98 
0.90 
0.85 
0.80 
0.90 
0.90 
0.93 
0.96 
1.00 
1.00 
0.90 
0.92 
0.95 
0.90 
0.95 
0.90 
0.80 
0.80 
0.80 
05 
00 
20 
20 
05 
03 
0.90 
0.90 
0.80 
0.80 
0.75 
0.70 
0.70 



1 

1. 

1. 

1. 

1. 

1. 



Old River, near the mouth. 







o . 

o « 



2 



Out* 

Out.. 

Out . 

Out.. 

Out.. 

Out.. 

Out.. 

Out.. 

Out.. 

Ont-. 

Out-. 

Out.. 

Out 

Out.. 

Out.. 

Out.. 

Out .. 

Out.. 

Out-- 

Out .. 

Out.. 

Out-. 

Out.- 

Out.. 

Out.. 

Out.. 

Out.. 

Out 

Out-. 

Out.. 

Out . . 

Out.. 

Out-. 

Out . . 

Out .. 

Out.. 

Out.. 

Out.. 

Out-. 

Out.. 

Out.. 

Out.. 

Out-. 

Out.. 

Out-. 

Out-. 

Out-. 

Out .. 

Out .. 

Out .. 

Out .. 

Ont .. 

Out .. 

Out .. 

Out .. 

Out .. 

Out . 

Out .. 

Out .. 



4^ 

a 



Is. 



Feet. 



1 



Kemarks. 



High water of 1883. 



H. Ex. 64- 



"Out" meauB towards the Mississippi River. 

-20* 
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Table No. 1. — Gauge-readings at Red Biver Landing, ^o. — Continned. 



Date. 











'-I 1 




.t 1 




P:; 




-2 ' 




» 


1883. 




Jane 7 


39.80 


8 


39.70 


9 


H9. 55 


10 


39.45 


11 


89. 35 


12 


39. 25 


18 


39.20 


14 


39.20 


15 


39. 05 


16 


38.00 


17 


38.80 


18 


38.70 


19 


38.60 


20 


38.50 


21 


38.40 


22 


38.30 


23 


38.30 


24 


38.25 


25 


.^8. 20 


26 


38.20 


27 


38.15 


28 


38.15 


29 


38.15 


30 


38.15 


July 1 


38.10 


2 


38.05 , 


3 


38.03 


4 . 


38.01 


5 1 


38.00 


6 


38.05 


7 


38.05 


8 


38. 10 


9 


38.10 


10 


38.15 


11 


38.25 


12 


38.25 


13 


38.25 


14 


38.20 


15 


38.15 


16 


38.10 


17 


38.00 


18 


37.90 


July 19 


37 70 


20 


37.45 


21 


37.20 ; 


22 


36.80 


23 


36.40 


24 


36.00 


25 


35.70 


26 


35.45 


27 


35.25 


28 


1 

■ • • « • • 


29 


34.80 


50 


34.50 i 


31 


34.10 


g- 1 


33.70 


2 


33.40 ; 


3 


33. 10 1 


4 


31.90 


5 




6 


29.50 


7 


28.40 ' 


8 


27,30 


9 


26.30 


10 


25.40 


11 


24.70 


12 




13 


23.75 


14 


23.45 


16 


23.15 



u 

.9 

'^ 
a 

ID 



40.40 
40.80 
40.10 
40.00 
39.80 
39.80 
39.70 
49.70 
39.60 
39.50 
39.30 
39.20 
39.10 
39.00 
39.00 
39.00 
38.90 
38.90 
38.80 
38.80 
88.70 
38.70 
38. 70 
38.70 
38.00 
38.00 
38.00 
37.90 
37.90 
38 00 
38.00 
38.00 
38.00 
38.00 
38.10 
38.10 
38.00 
38.00 
38.00 
38.00 
38.00 
^.90 
37.50 
37.20 
37. UO 
36.70 
36.50 
36.10 
36.10 
35. 60 
35.40 
35.10 
34.90 
34.50 
34.20 
34.30 
33.70 
33.00 
32.10 
31.10 
30.60 
29.90 
28.50 
27.90 
26.90 
25.10 
24.50 
24.00 
23.60 
23.30 



•J 



0.60 
0.60 
0.55 
0.65 
0.45 
0.55 
0.50 
0.50 
0.55 
0.60 
0.50 
0.50 
0.50 
0. 60 
0.60 
0.70 
0.60 
0.65 
0.60 
0.60 
0.55 
0.55 
0.55 
0.55 
0.10 
0.05 
0.03 
0.11 
0.10 
0.05 
0.05 
0.10 
0.10 
0.15 
0.15 
0.15 
0.25 
0.20 
0.15 
0.10 
0.00 
0.00 
0.20 
0.25 
0.20 
0.10 
0.10 
0.10 
0.40 
0.15 
0.15 



Old River, near the moath. 



u 

d 



^ 



Out 

Out 

Out 

Oat 

Oat 

Out 

Out 

Out 

Out 

Out 

Oat 

Out 

Out 

Out 

Out 

Oat. 

Out. 

Out. 

Out 

Out. 

Out. 

Out. 

Out. 

Out- 

In*. 

111.. 



a 

d n 

o o 

o a. 



Feet. 



Remarks. 






Current three miles ]>er hoar. 



In 

In 

In 

lu 

In 

In 

In 

In 

I In 

In 

In 

In 

In 

In 

In 

In. .4--. 

In 

In 

I^ I 

In I 

Out ' 1.307 

Out ! 

Oat 1 1.294 

Out I 1.358 

Out 1.232 



0.10 
0.00 
0.10 
0.60 
0.30 
0.10 
0.20 



Out 
Out 
Out 
Out 
Out 
Out 
Out 



1.10 
1.50 
1.20 
1.60 
1.50 
0.40 



Oat.. 
Out .. 
Out .. 
Out .. 
Out .. 
Out .. 



0.25 
0.15 ! Out 
0.15 i In.. 



1.272 
0.987 
1.149 
1.713 
1.862 
1.917 
2.342 



2.500 
2.863 
2.708 
2.342 
2.043 
1.413 



36.50 
36.00 
35.77 
35.55 
35.30 



34.80 
34.50 
34.10 
33.70 

'33.36 



26.50 
25.65 
25.00 



24.10 
23.75 
23.40 



Three miles per hour. 



Changes towards the Atohflkfalaja Blrer 



Carrent very slight. 
Do. 
Do. 
Do. 
Do. 
Do. 



Carrent changing. 
Carrent imperceptible. 
Current imperceptible. 
Carrent very slight, 
Do. 

Changes. 

Strong wind ; carrent very slight. 



Very slow. 
Do 



Almost^imperoeptible. 
Almost' imperceptible. 
Do. 



*<< 



In" meanB towards the Atohafalaya River. 



BEPOKT OF THE MISSISSIPPI EIVER COMMISSION. 



307 



Table No. 1. — Gauge-readings at Red Eiver Landing , ^c. — Continued. 





• 


^ 


Old Kiver, 


near the month. 










bb 


^ 


Q 










ft 


.s 


! § 








, 


Date. 


5 


■l 


. 


§1 




Bemarkfl. 






fe 


Hi 


S 1 fl| 


2S 




4 






> 


ee 


'Si 2£ 


ts^CB 






■ 




'a 


2 

.0 


s i 


II 


CD 

2 




, 




« 


1 


Q 




^ 


s 


i 


1 


1883. 










FesL 






! 


Aug. 16 
17 


22.80 


23. 00 0. 20 






23.10 


Cnrrent imperceptible. 

Do. 
Strong wind. 

Gale SW. 
Current changes. 


V 

1 


22.50 
22.20 


22.80 
22.50 


0.30 
0.30 




0.197 


22.80 
22.40 


\ 


18 




19 


"21.' 30 
20.75 


22. 10 
21.80 
20.50 


' 


. 


21.50 
21.10 


I' 


20 


0.50 
0.25 






21 


in.....'."". 


1.216 


22 


20.20 


19.30 


0.90 


In 


1.281 


20.40 






23 


19.50 


19.90 


0.40 1 Out 


1.300 


19.70 


Do. 


1' 


24 


18.80 


19.40 


0.60 1 Oufc 


1.055 


19.05 




' 


25 


18.20 


18.40 


0. 20 Impercep- 
tible. 


........ 


18.35 


Wind high ; north. 


^ 


26 




17 40 ; 1 






Sunday. 




27 


16.90 


16.40 0.50 In 


0.967 


17.05 




28 


16.30 


16. 10 0. 20 


In 


1.042 


16.45 






29 


15.60 


15. 20 0. 40 


In 


1.200 


15.85 






30 


14.95 


14. 50 , 0. 45 


In.. 


1. 126 


15.15 






81 


14.35 


14.00 0.35 


In 


1.227 


14.50 






Sept. 1 


13.00 


13.90 i 0.00 


In 


1.312 


13.90 






2 




13.20 










3 


12.95 


12, 60 ; 0. 35 


In 


1.255 


12.85 






4 


12.45 


12. 10 0. 35 


In 


1.257 


12.40 






5 


12.00 


11.40 


0.60 


In 


1.320 


12.00 






6 


11.50 


11. 20 


0.30 


In 


1.100 


• 11.50 






7 


11.00 


10. 50 0. 50 


In 


1.186 


11.00 






8 


■ 10.50 


10.10 


0.40 


In 


1.236 


10.55 






9 




9.30 














10 


9.45 


8.60 


6.75 


in 


1.031 


9.45 






11 


8.95 


8. 00 0. 95 


In 


0.987 


9.00 






12 


8.55 


7. 50 1. 05 


In' 


1.000 


8.55 






13 


8.10 


7.00 1.10 


In* 


1.060 


8.15 






14 


7.85 


6.50 


1.35 


In 


1.135 


7.80 






15 


7.60 


6.00 


1.60 


In 


1.084 


7.60 






16 


7.50 
7.70 


5.30 
5.30 


2.20 
2.40 


In 




7.60 
7.65 


• 




17 


In 


1.213 




18 


7,20 


5,00 


2.20 


In 


0.933 


7.10 






19 


6.70 


4. 50 2. 20 


In 


1.167 


6.55 






20 


6.25 


4. 00 2. 25 


In 


1.086 


6.17 






21 


6.05 


3. 80 2. 25 


In 


0.890 


5.86 






22 


5.80 


3. 30 2. 50 


In 


0.644 


5.70 






23 


5.55 
5.40 


2.80 , 2.70 
2.50 1 2.90 


In., 






i 




24 


In 


0.326 


5.26 




25 


5.20 


2.30 2.90 


In 


0.391 


5.15 






26 


4.90 


2. 10 1 2. 80 


In 


0.256 


4.86 






27 


4.65 


1. 90 , 2. 75 


In 


0.310 


4.54 






28 


4.50 


1. 50 3. 00 


In 


325 


4.40 






29 


4.40 


1. 30 ' 3. 10 


In... 


0.406 


4.30 






30 


4.30 


1. 20 1 3. 10 


In 










Oct. 1 


4.20 


1. 10 3. 10 


In 


6.39i 


4.26 






2 


4.15 


1.10 


3.05 


In 


0. 281 


4.15 






3 


4.10 


1.00 


3.10 


In 


0.301 


4.10 






4 


3.95 


0.90 


3.05 


In 


0.235 


3.95 






5 


3.80 


0. 80 3. 00 


No flow. . . 


0.000 


3.90 


Old River is dry. 




6 


3.70 


0. 70 3. 00 


No flow. . . 


0.000 


3.80 


Do. 




7 


3.65 
3.65 


0. 40 : 3 2.T 


No flow. . . 






Lowest reading of Bed Hirer Landing 




8 


0.20 


3.45 


No flow. . . 


0.000 


3.70 




9 


3.80 


0.00 


3.80 


No flow. . . 


0.000 


8.85 


gauge 1883. 
Zero, JBarbre's ^uge. 
No flow in Old River. 




10 


4.00 


0.20 


4.20 


No flow. . . 


0.000 


4.08 




11 


4.10 


0.10 


4.20 


No flow. . . 


0.000 


4.14 


Do. 




12 


4.20 


0.00 4«20 


No flow. . . 


0.000 


4.25 


Do. 




13 


4.30 


0.00 


4.30 


No flow. . . 


0.000 


4.35 


Do. 




14 


""4.' 55 


0.00 
0.20 


4." 76" 


No flow. . . 






Do. 
Do. 




15 


No flow. . . 


6.666 


4.60 




16 


4.80 


0.30 


5.10 


No flow... 


0.000 


4.75 


Do. 




17 


5 05 


0.40 


5.45 


No flow. . . 


0.000 


5.20 


Lowest water of 1883 on Barbre's gage. 
Commencement of flow in Lower Old 




18 


5.60 


0.20 


5.80 


No flow. . . 


0.000 


5.75 


















River. 




19 


5.90 


0.10 


5.80 


In 


0.574 


6.10 






20 


6.30 
6.80 


0.40 
0.70 


5.90 
6.10 


In 




6.50 
6.80 


Stonnv. 




21 


In 
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bC 




d 




•r* 




•O 




i 


Date. 


^ 




u 




V 




k 




.f^ 




en 


1 


1 


1883. 




Oct. 22 


7.70 


23 


8.10 


24 


8.45 


26 


8.75 


29 


9.05 


27 


9.50 


28 




29 


i6.35 


30 


10.65 


31 


10.95 


Nov. 1 




2 


ii.65 


3 


10.90 


4 




5 


ib.H' 


6 


10.65 


7 


10.90 


8 


11.45 


9 


12.35 


10 


13.60 


11 


15.60 


12 


17.35 ; 


13 


17.80 1 


14 


18.20 


15 


18.40 


16 


18.55 


17 


18.70 


18 


19.00 


19 


19.30 


20 


19.70 


21 


20.05 


22 


20.45 


23 


22.00 


24 


22.40 


25 


22.50 


26 


22.55 


27 


22.45 


28 


22.05 



29 


21.80 


30 


21.80 


Dec. 1 


22.05 


2 


22.60 


3 


23. 45 


4 


24. 25 


5 


25. 15 


6 


25.80 


7 


2C. 30 


8 


26.85 


9 


27.20 


10 


27.40 


11 


27.25 


12 


27.30 


13 


27.30 


14 


27.40 


15 


27.30 


16 


27. 10 


17 


26. 70 


18 


26.25 


19 


25.50 


20 


24.60 


21 


23.90 


22 


23.00 


23 


22.25 



24 
25 
26 



(*) 
(*) 
(*) 



I 
S 

£ 
I 



1.00 

1.20 

1.50 

2.00 

2.50 

3.70 

5.00 

6.50 

7.10 

8.10 

8.80 

9.20 

9.20 

9.20 

9.20 

9.30 

9.40 

9.70 

10.30 

11.00 

13.10 

15.40 

17.00 

17.80 

18.10 

18.30 

18.50 

1&70 

18.90 

19.50 

20.60 

21.40 

22.30 

22.60 

22.70 

22.80 

22.70 

22.30 

22.10 
22.00 
22. 20 
22.70 
23.30 
24.00 

24.80 
25.30 
25.70 
26.30 
26. 70 
26.90 
27.00 
27.00 
27.00 
27.10 
27.10 
26.90 
26.60 
26.20 
25.60 
24.90 
24.20 
22.90 
22.70 

21.90 
21.20 
19.60 




Old River, near the month. 



FMt. 



1.213 
1.320 
1.173 
0.996 



1.760 
1.821 

'i.*885 
1.760 

"i."73i 

"i.*676 
2.247 
2.640 



8. 249 
3.060 
2.400 
2.011 
2.030 
1.650 

"l766 
2. 112 
2.640 

6.' 880' 
0.3B5 



In. 



0.498 
0.586 
1.056 
1.354 
1.959 
2.446 

3.106 
3.520 
3. SOU 
2.640 
2.708 
2.779 
2.9^3 
2.933 
2.351 
2.843 
2. 640 
1.992 
2.400 
1.885 
1.703 
1.576 
1.371 
1.242 



1.193 
6.165 



10.40 
10.76 
11.00 

"ii.*i6 

10.90 

10.65 
10.70 
10.95 
11.70 
12.45 
13.90 

17.50* 

17.80 

18.15 

18.40 

ia55 

18.70 

19.15 

19.30 

19.70 

20.05 

'22.16' 
22.57 

'22.76 

22.50 



Bemarlui. 



Stormy. 

Strong north wind. 

Stormy. 
Dense tog. 

North wind. 



Rapid rlae. 
Stormy weather. 



Current ohanees. 
Stormy weather. 



Almost imperceptible. 
22. 10 j Point of observation changes to 
Barbre's Landing. 



22.00 



Cnrrent changes. 



Current very strong at mouth of Old 
River. 



26.48 



27.45 



24.12 




20.90 



Current changes. 



Sunday. Point of observation changed 
back to mouth of Old River. 



* No gauge. 
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Table No. 1. — Guuge-readings at Red Biver Landing^ ^o. — Continued. 



Bate. 



1883. 

Beo. 27 

28 

29 

80 

31 

1884. 

Jan. 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
25 
26 
27 
28 
29 
30 
31 



(*) 
(*) 
(*) 
(*) 
21.85 

23.10 
24.25 
25.75 
27.30 
29.05 
30.10 
31.05 
31.90 
32.55 
33.10 
33.55 
33.75 
33.90 
33.95 
34 00 
33.85 
33.70 
33.75 
33.75 
33.45 
33.00 
32.55 
32.10 

32.20 
32.00 
31.85 
31.80 
31.85 
31.95 
32.00 
32.05 



I 

00 

e 



19.00 
18.60 
18.30 
1&70 
22.20 

23.50 
24.50 
25.90 
27.30 
28.70 
29.80 
30.70 
31.60 
32.30 
32.80 
33.20 
33.40 
33.60 
33.70 
33.80 
33. 8U 
33.80 
33.80 
33.90 
33. 60 
33.30 
32.90 
32.50 

32.50 
32. 40 
32.30 
32.20 
32.20 
32. 20 
32.30 
32.40 



0.35 

0.40 
0.25 
0.15 
0.00 
0.35 
0.30 
0.35 
0.30 
0.25 
0.30 
0.35 
0.35 
0.30 
0.35 
0.20 
0.25 
0.10 
0.05 
0.15 
0. 15 
0.30 
0.35 
0.40 

0.30 
0.40 
0.45 
0.40 
0.35 
0.25 
0.30 
0.35 



Old River, near Barbre's 
Landing. 



I 



In. 
In. 
In. 



Out 



Out .. 

Out .. 

Out .. 

In... 

In... 

In.... 

In... 

In... 

In — 

In... 

In.... 

In... 

In... 

In... 

In..., 

In... 

In.... 

In .. 

In... 

In... 

In... 

In.... 

In... 






Feet 
0. 165 
0.165 
0.165 



L852 

3.017 
1. 553 
0.000 
2.355 
2.355 



4.224 
7.040 
7.040 
5.867 
5.280 



4.600 
4.224 
3.911 
3.520 
3.200 
3.017 



L624 
1.056 



to 



20.29 
19.90 
19.55 



22.19 

23.18 
24.30 
25.85 
27.35 
29.20 



32.00 
32.40 
33.30 
33.85 
33.78 



33.88 
34.03 
33.99 
33.89 
33.99 
34.00 



33.39 
32.99 
32.40 



KemarkB. 



Stormy. 



Current changing. 
Strong current. 

Do. 
Strong current, Btormy. 

Do. 
Very strong current. 

Do. 

Do. 

Do. 



Strong south wind ; current impercepti- 
ble. 
Current changing. 
Current observations ceased. 

Departure for Black Hawk. 



* No gauge. 

Table No. 2. — Showing areas and changes in areas above and below zero of Barbrt^s Land- 
ing gauge J and greatest depths sounded by W. M. Rees in 1880, H. St. L. Copp^e in 1881, 
and A, Owen Wilson in 1883. 

atchafalaya river. 



Sections. 



Areas above and below zero of Bar- 
bre's Landing gauge. 



Ko.2. 
No. 4. 
No. 6. 
No. 8. 
No. 10 
No. 12 



1880. 






49, 360 
32, 320 
33, 120 
31,240 
87,640 
38, 500 



o 



188L 



1883. 



o 



31, 930 50, 100 

6, 300 33, 220 

8, 400 33, 660 

7,920 31,700 

11,100 38,260 

11, 16038, 860 



o 
pq 



o 



' I 

PQ 



30, 380 57, 780 

6, 780 34, 800 

8, 100 35, 620 

8, 360 33, 240 

11, 860 38, 960 

11,66044,100 



40, 020 
8,180 
11, 420 
14, 660 
15, 220 
14, 520 



Changes from 
1880 to 1881. 



i 



Xi 



Below 
zero. 



5 ' S 



740 |1,550 
900 

540 
460 
620 
360 



300 



O 



480 

440 
760 
500 



Changes from 
1881 to 1883. 



I I 



(O 

« 
> 

o 



u 

a 
o 

so 



7,680 
1,580 
1,960 
1,540 
700 
5,240 



P3 



3 

o 



9,640 
1,400 
3,320 
6,300 
3.360 
2,800 



Greatest depths 

below zero of 

Barbre's Landing 

gauge. 



1880. 



68.7 
35.3 
27.1 
38.2 
29.7 
39.6 



1881. 


1883. 


60.7 


73.6 


40.0 


35.6 


28.8 


30.7 


37.5 


54.6 


32.8 


40.7 


40.8 


37.8 
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Tablb No. 3. — Showing scour or fill on the line of the deepest water in the channel through 
Old and Lower Old riverSj according to the surveys of 1880, 1881, and 1S8S. 



L. 

B. 

C . 

B. 

F. 

G. 

I.. 

Z . 

X. 

K 

L. 

M. 

N 

P. 

R. 

S . 

T. 

V. 

U. 



CroBS-seotioii. 



1880 to 1881. I 1881 to 1883. 1880 to 1883. 



0.6 
1.0 
6.0 
10.0 
10.0 
4.5 
5.0 
8.0 
4.0 
0.2 
3.5 
8.0 
7.0 
8.0 
8.5 
5.0 



1.5 
1.6 



2.0 



18.0 



Sooar. Fill, i Scour. < FilL Scour. ; FilL 



■ • • * 


0.5 




1.0 




2.5 


3.6 




3.0 


4.0 




3.0 


2.0 


4.6 




7.0 


3.0 




8.5 


1.5 




14.0 




9.5 


1.0 


4.0 




5.5 


2.5 




6.0 




io 


5.5 




5.8 


5.8 




2.3 


6.0 


2.0 




5.5- 


1.5 




3.0 


5.0 


........ 


4.0 


4.5 




4.0 


1.0 




1.0 




19.0 



" I am, very respectfully, your obedient servant, 

"ARTHUR OWEN WILSON, 

^* Assistant Engineer. 
*'Maj. Amos Stickney, 

** Corps of Engineers, U. S, A.j New Orleans j La.^' 

MONRY STATEMENT. 

In Treasury Department, Washington, September 30, 1882 $75, 000 00 

Transfer September 30, 1882 8,153 94 

Allotment July 19, 1884 12,290 00 

Drawn |83,571 26 

Transfer and deposit 571 26 

83,000 00 

Not drawn 4,290 00 

On hand, assistant treasurer, New Orleans, La., September 30, 1884 17,821 42 

In hands of assistants 388 00 

Expended since September 30^, 1882 72,944 52 

Balance due from appropriation October 31, 1883 14, 729 52 

Received since October 31, 1883 61,571 26 

Expended since October 31, 1883 28.632 32 

Balance on hand September 30, 1884 18,209 42 

Total appropriated 81^0, 000 00 

Allotment July 19, 1884 12,290 00 

202, 290 00 

Total expended 179,790 58 



IMPROVING HARBOR AT NEW ORLEANS, LOUISIANA. 

At the time of last annual report work was in progress in CarroUton Bend. The 
work contemplated was the protection of the sloping river bank from low-water mark 
to the bottom of the river by means of a continuous mattress of brush and stone. To 
accomplish this it was intended to make the mattress in one piece 400 feet wide and 
about 10,000 feet lon^. Owing to unavoidable delay caused by the delinquency of 
contractors in furnishing material and a rise in the river, the weaving of mattress had 
to be suspended when a length of only 470 feet had been constructed. This was suc- 
cessfully sunk, but on account of insufficiency of ballast and a changing of the cur- 
rent a small portion of it came up and was lost. It was demonstrated, however, that 
a wide mattress could be placed in deep water when there was not a strong current. 
On the resumption of work, after the suosiding of the river, the location and method 
of protection were changed, the change of method being to suit the new locality 
where wharves render it impracticable to construct and maintain a mattress covering 
The following is the project for the work : 
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** United States Exgineek Office, 

^^New ihleansy La., April 22, 1884. 

" Sir : In compliance with the resolution of the Commission of November 20, 1883, 1 
have the honor to snbmit herewith a report of my assistant, Mr. W. G. Price, npon the 
relative importance of protecting the Gouldsborough Bend, in the harbor of New Or- 
leans, as compared with other work contemplated in the project approved by the 
Commission. There is, I think, no question of the greater immediate importance of 
protecting ^jouldsborough Bend, which is rapidly increasing. I believe that work 
should be commenced for preventing the caving of the banks at once, and have had a 
plan and estimates prepared by Mr. Price, assistant engineer, which, with the accom- 
panying maps, is also presented herewith, as well as plan, maps, &c., for protecting 
the Gretna Bend, which is just above the Gouldsborough Bend, one being almost a 
continuation of the other. Owing to the difficulty of placing continuous mattress 
work on the banks on account of the standing and wrecked wharves, and the belief 
that mattress worK would be destroyed by the collection of heavy deposits of sediment 
at ail points where wharves were placed, I have had plans prepared for the protection 
of the bank by means of submerged spurs of brush and stone placed so as to throw 
the contour lines of the bank about 50 feet out into the river. I would propose to 
locate these spurs at the salient points of the deep-water lines. Experience in the 
first reach protected would in the first season show whether the spurs wete properly 
placed, and if a greater number were needed to thoroughly protect the bank they could 
be added afterwards. The plans are based upon the survey of 1877-78 and are in- 
tended to show in a general way the method of constructing and placing the spurs. 
A new survey will be made as soon as the stage of water will permit, from which to 
determine the exact locations. 

"The entire length of bank from opposite a point just above the City Park down to 
Algiers, as shown on accompanying map, will eventually need protection, but the 
greatest immediate need is in the lower bend in the front of Gretna and Gouldsbor- 
ough, and more particularly in front of Gouldsborough where the caving is worse, and 
commercial interests greatest. 

"The estimate for the Gouldsborough part is $64,200, and for the Gretna part 
$64,200, exclusive of plant. The plant required is about as follows : 

6 barges, at $3,000 each $18,000 

To build mattress-ways on three of them 1, 500 

Ways built on the bank for constructing crib for spur 300 

1 stern- wheel steamboat 15, 000 

Capstans, rope, and tools 3, 000 

Making a total of 37,800 

" In making provision for this work I am of the opinion that the CarroUton work 
fihould not be suspended. The plant for that work is all ready. The method of 
working has been tried, and the experience gained is such that it is expected that the 
project as approved can be carried out as soon as the river reaches a proper stage. 
" Very respectfully, your obedient servant, 

"AMOS STICKNEY, 
" Major of Engineers, U. S* A. 
"Lieut. Col. C. B.'COMSTOCK, 

^^ Corps of Engineers f U, S. A., 

*^ President Mississippi River Commission. ^^ 



"New Orleans, January S, 1884. 

" Major : I have the honor to make the following report on the relative importance 
of protecting the Gouldsboro' bank, in the harbor of New Orleans, as compared with 
other work contemplated in the project approved by the Mississippi River Commis- 
sion. The work contemplated by the Commission in the project approved by them 
September 18, 1882, was to j)revent further erosion of the bank in CarroUton Bend. 

" importance of carrollton bend work. 

" From a comparison of surveys I find that the bank in this bend is cutting away 
at an average rate of 14 feet a year, and the cutting extends piobably 5,000 feet be- 
low the bend, all of which would probably be stopped in a short time after the bank 
in the bend is protected. The caving amounts to about 4.8 acres a year, which, at 
$1,000 an acre valuation for land and improvements, would be $4,800. If the caving 
is not stopped there will have to be built during the next five years 6,000 feet of levee, 
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estimated to cost $25,000, or |5,000 a year. The only business interests that sniFer 
from caylng banks are the Picayune saw-mill and the Carrollton oil-mill. The loss to 
them if the bank is not protected would probably be |35,000 during the next five 
years, or $7,000 a year. 

** From the above the total loss per year from caving of bank in Carrollton Bend is 
116,800. There are no wharves in Carrollton Bend, and the improvement would be of 
little benefit to commerce and navigation at present. 

"importance op PBOTECTING 60ULD8BOROUGH BANK. 

" From my report of November 19, 1883, the value of land and improvements in the 
Gouldsborough bend which will be lost in a few years if the bank is not protected waa 
estimated to be $1,400,000. But this does not represent the whole interest at stake. 
The river front here is being used for purposes of commerce and navigatiou, aud these 
interests suffer very much from the caving in of wharvcH, railroad inclines, aud depots. 

'* The commercial interest is much greater than the value of property already located 
there, and its value cannot be estimated. 

" COMPARISON. 

" The caving of bank in Carrollton Bend causes a very small loss of property com- 

Sared to what it does in Gouldsborough Beud. The commercial interests in Carrollton 
end are almost nothing, while in Gouldsborough Bend they are very great and are rap- 
idly increasing. It is important that the work at Gouldsborough be done soon, as the 
number of wharves and vessels landing at them is increasing, and they make the 
work of improvement more difficult. In order to make the city of New Orleans secure 
from danger of breaks iu the levee and from being gradually washed away it is nec- 
essary to protect the bank in Carrollton Bend; but the immediate importance of the 
work is small compared to what it is at Gouldsborough. 
" Respectfully submitted. 

*'W. G. PRICE, 
** United States Assistant Engineer. 
" Maj. Amos Stickney, 

*' Coiys of Engineers^ U, S. A, 



**New Orleans, April 17, 1884, 

'* Major: In accordance with your request, I have the honor to make the following 
report on the plan for protecting the caving bank in the Gouldsborough Bend, in 
New Orleans Harbor, with submerged spurs. 

"The portion of the bend which is now caving badly, and which needs immediate 
protection, extends from Perriauder street, in Gouldsborou«ih, to Socrates street, in 
Algiers, and is about 5,000 feet long. The plan is to put down a number of sub- 
merged spurs each 300 feet long and built out at right angles to the bank; the spurs 
to be such a distance apart that the current defl«cted from one will reach the next 
before it strikes the bank. A mattress 350 feet by 200 feet will first be put down, and 
then four flexible brush cribs 5 feet high and 300 feet long, filled with rock, will be 
sunk one on another on the center line of the mattress, reaching to within 50 feet 
of the deep-water end of the mattress. 

''method of constructing mattress. 



iti 



The mattress will be constructed in position for sinking, and will be made of wil- 
low brush and poles, the brush to be woven on the poles, which will be 25 feet long 
and 8 feet apart, the longitudinal and transverse strength of the mattress to consist 
of iron rods, those which run parallel to the poles to be fastened to them, and to be 
in separate links of 25 feet, and joined with clevises ; those which cross the poles to 
be made in a chain 350 feet long, with links of 8 feet, and to be connected with the 
clevises in the first system of rods; these chains to run through the mattress 25 feet 
apart, and to extend back on shore to logs sunk in the ground ; the up-stream, down- 
stream, and deep-water edges of the mattress to be double in the thickness for a 
width of 8 feet, with a large quantity of rock between, which will be put in when 
the mattress is constructed. This will insure the ballasting of the edges of the 
mattress, and prevent their rising up and dumping the ballast. It is estimated that 
it will require 7.8 pounds of rock weighed in water to ballast a square foot of the 
mattress. 



REPORT OF THE MISSISSIPPI RIVER COMMISSION. 313 

"method of constructing spur. 

^' In order to expedite the work bo that it can be completed in one season it will 
be necessary to build the cribs at some point above, and float them down as they are 
needed for sinking. A. few piles hanled out on shore will be sufficient ways for build- 
ing the bottom of the crib. It can then be launched and finished on the water. It 
will be constructed of willow brash and poles, yellow-^iue timber, and iron rods, 
leaving pockets into which the rock can be thrown for sinking it. The capacity of 
the pockets will be one-fourth of the size of the spur. 

" It will be so constructed that when the iron rods rust away it will still hold 
together, and it will be so made that it can bend to the curve of the bank. The de- 
tails of construction may have to be shanged during the course of the work. 

"method of sinking spur. 

**For sinking the spur two lines of barges will be required, one on each side of the 
spur; rock to be thrown in the crib until the pockets are full, and it will then be 
lowered to the bottom by ropes from the barges. To prevent the barges overturning, 
it will be necessary to build two longitudinal water-tight bulkheads in each, and the . 
water will be let in on one side of the barge as the ropes pull down on the other. It 
may be necessary also to use a small quantity of rock as a counter-balance. The 
weight of a complete spur will sink one side of two 30-foot barges 2.4 feet. 

*'The buoyancy of a cubic foot of the spur will be about 7^ pounds, and to over- 
come this, and insure the stability of the spur, it will be necessary to use 15 pounds 
of rock weighed in water to the cubic foot of spur, which will require the spur to be 
constructed three-quarters of brush and one-quarter of stone. To give it increased 
stability, iron rods will run from the spur diagonally up-stream to the shore and be 
fastened to logs sunk in the ground. 

"PLAiNT required. 

" The plant for the work should consist of six barges, each 30 by 124 by 7^ feet, decked, 
and containing two longitudinal water-tight bulkheads ; three of the barges to have 
mattress-ways constructed on them, so that they can be placed end to end and a mat- 
tress 350 feet wide built on them. To do the necessary towing a steam-tug or stern- 
wheel steamboat will be required. The plant will be such that it can be used for any 
future mattress work in the harbor. 

"cost of the work. 

"To protect the bend at Gouldsborou^h, which is 5,000 feet long, it is estimated will 
require six submerged spurs. Calculating mattress to cost 4.13 cents per square foot, 
and the spur 5 cents per cubic foot — 

Six submerged spurs will cost $64, 200 

Six barges, at |3, 000 each 18,000 

To build mattress-ways on three of them 1, 500 

Ways built on the bank for constructing crib for spur 300 

One stern- wheel steamboat 15", 000 

Capstans, rope, and tools 3, 000 

102.000 

"I present herewith the drawings accompanying this report. 
"Respectfully submitted. 

"W. G. PRICE, 

''Assistant Engineer. 
"Maj. Amos Stickney, 

*' Corps of Engineers J V. S. A." 



" New Orleans, April 22, 1884. 

" Major: In accordance with your request I have completed a map of the Gretna 
Bend in New Orleans Harbor, showing the proposed improvement with submerged 
spurs. It is estimated that it will require six of these spurs to protect the bank in 
this beud ; and estimating a spur to cost the same as given in my estimate for the 
protection in Gouldsborongh Bend, it will require $64,200 for the work in Gretna Bend. 
" No additional plant will be required. 

" Very respectfully, your obedient servant, 

"W.G.PRICE, 

^^ Assistant Engineer, 
"Maj. Amos Stickney, 

" Corps of Engineers, U. S, A." 
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The neoessity for protecting the bank in the Gouldsborough Bend being more press- 
ing than that in the Carroll ton Bend, the Commission authorized its commencement, 
which, on account of lack of sufficient funds, necessitated the stoppage of work at 
Carroll ton. 

The plan for the Gouldsborough protection is one which has not heretofore been 
tried on this river, but one from which I have strong hopes of good results. The 
main feature of the plan is the deflection of the current from the. bank by means of 
spurs constructed of brush and stoue. To prevent or lessen the eddies the spurs are 
submerged and sloping, and are placed on mattresses to prevent their being under- 
mined. 

The necessary working plant has been procured, contracts have been made for the 
material, and one spur is well under way. 

Approximate eetimate far completing work of improving harbor at New Orleans. 

CarroUton Bend, left bank $158,600 

Gouldsborough portion of bend, right bank, 5,000 feet long 64, 200 

Gretna portion of bend, right bank, about 8,600 feet long 64, 200 

Bend above Gretna ta a point nearly opposite the City Park,* right bank, 

26,400 feet 396,600 

Total 683,600 

The following report of Assistant Engineer W. G. Price is referred to for the details 
of the work : 

**New Orleaxs, October \, 1884. 

" Major : I have the honor to submit the following rejiort of operations for the im- 
provement of the harbor at New Orleans during the eleven months ending September 
30, 1884 : 

" When I submitted my last report the work of protecting the caving bank in Car- 
roUton Bend was in progress. The plan was to sink a continuous willow mattress 
400 feet wide and 10,000 feet long. The contractor, Mr. George W. Davis, failed to 
furnish brush in sufficient quantities, which delayod the work to such an extent that 
on November 22 there were only 275 linear feet of mattress woven. On that date his 
contract was annuled, and arrangements for brush were made with Mr. J. H. Gardner. 
Under this arrangement some brush was received, and it was expected that work could 
be resumed with a strong force, but the rapid rise of the river made it hazardous to 
continue the construction of so large a mattress. All of the brush was woven in mak- 
ing a mattress 470 feet long. 

** On December 7 preparations for sinking were commenced, and on the 12th the 
mattress was lowered to the bottom. Owing to a large quantity of drift-wood lodging 
under the mattress, considerable more rock was required than was expected, and as 
there was only a limited su])ply on hand, the last portion of the mattress to go down 
was not very heavily ballasted. During the night of the 12th a very strong current 
set in against this part and raised up a f^mall portion of it. 

•^ Additional rock was then purchased and ])art of this portion was forced down 
again ; the remainder was torn to pieces by the current and floated away, about 4 
per cent, of the mattress being lost. 

" In sinking the mattress it was supported on the up stream and down-stream edges 
by ropes to barges. These ropes were all marked with tags 4 feet a part. This made it 
possible to lower the edges of the mattress very evenly, as. only 4 feet at a time was 
let out on each rope. The mattress was put down under great difficulties, as at times 
there was a very strong eddy which tended to twist the mattress out of shape. The 
success in putting down this mattress shows that it will be possible to put down a 
continuous mattress of that size, provided there are no large eddies. As there is a 
very strong eddy in CarroUton Bend when the river is rising, it will be necessary to 
stop work at such times. It also shows that to make sure of the mattress staying 
down and not curling up and beginning to break at the edges, it will be necessary to 
make the mattress double at the edge, with a heavy weight of rock between. A sur- 
vey at CarroUton Bend was made during the month of November. 

"It is estimated that to finish the protection of the bank in CarroUton Bend, which 
is now about 9,600 feet long, with a continuous mattress 400 feet wide, will cost 
$158,600. 

" From a comparison of surveys the bank in this bend is now' cutting away at an 
average rate of 14 feet a year, and the cutting extends about 5,000 below the bend, 
all of which would probably be stopped in a short time after the bank in the bend is 
protected. It is estimated that the total loss per year from carving of this bank is 
$16,800. 

"There are no whan^es, and the improvement would be of little benefit to commerce 
and navigation at present. 
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** lu order to make the city of New Orleans secure from danger of breaks in the levee, 
and from being gradually wasbed away, it is necessary to protect the baulc in this 
bend, but the immediate importance of the work is not so great as it is in other portions 
of the harbor. 

"On November 19, 1883, in accordance with your order, I obtained the following In- 
formation in regard to the caving banks, values of property and interests on the river 
front in Gouldsborough and Gretna : 

"The bank alon&r some parts of this front is caving badly. It is occupied for railroad 
termini, transfer facilities, warehouses, and similar constructions. These are all used 
for purposes of commerce and navigation, and they cannot be safely used unless the 
bank is protected. The value of property on this front is estimated to be $1,400,000. 
The interests at stake are far greater, and cannot be estimated. The length of the 
bank to be protected here is about 13,600 feet, but the work to be permanent must in 
time be carried round the whole bend, which is about 40,000 feet long. The protec- 
tion adopted for Carrollton Bend is not suited for work in this bend, owing to the dif- 
ficulty in laying a continuous mattress where there are wharves in constant use, and 
the probability that the mattress would be wrecked by the sliding down of wharves 
under which a bank of silt had collected. The improvement must be such that the 
slope of the bank from low- water mark to the bed of the river shall become about 3 
to 1 ; then if a mass of silt collect under the wharves it will not be likely to slide 
down the bank and wreck the improvement. 

"The protection proposed by you for this part of the harbor consists of a system of 
submerged spurs, built out at right angles to the bank, and from 500 to 1,600 feet 
apart. 

*^ The spurs to be built out on a slope of 3 to 1 and to be such a distance apart that 
the current deflected from one will reach the next before striking the bank. It is 
estimated the cost of protection will be as follows, exclusive of plant : 

Gouldsborough portion of bend (5,000 feet long) $64, 200 

Gretna portion of bend (8,600 feet long) 64,200 

Bend above Gretna (26,400 feet long) 396,600 

Cost of protecting the whole bend 525, 000 

"The plant used in Carrollton Bend can be used for the work, and there will be re- 
quired in addition three decked barges and a stern- wheeled tow-boat. 

" It having been decided to begin the work of putting down submerged spurs at 
Gouldsborough, plans and estimates were prepared. Three decked barges were con- 
structed by contract and delivered August 28. The plant in use last season has been 
improved and put in order for the new work. 

"A survey of the Gouldsborough portion of the bend was completed in July. On 
August 23 the stern-wheel tow-boat Annie Kelley was purchased ; she has been em- 
ployed in to>ving barges of rock from Wilson's Point to Gouldsborough. On August 
24 the plant was towed to Gouldsborough, and on the 29th the constructing of the first 
mattress was begun. 

"The mattress for the spur is 200 feet wide, up and down stream, and extends 350 
feet out in the river. Just above the center line of this there will be sunk, one on 
another, six cribs b^ feet thick, the bottom one having a width of 60 feet and the top 
one a w^idth of 20 feet. The bottom one will be short and they will increase in length so 
that the top of the last one will be on a slope of 3 to 1 from low- water mark. Owing to 
the slow delivery of material the mattress was not completed till September 12. On 
September 15 this mattress was successfully lowered to the bottom. It has cribs 
filled with rock attached to three sides of it. The crib on the upper side is inclosed 
so that the rock cannot get out of it. On September 20 the first crib was launched 
into the river. They are being constructed on ways which are built on the river 
bank. The first crib was ballasted and lowered to the bottom successfully on Sep- 
tember 27. 

"It is proposed to put down six spurs in the Gouldsborough portion of the bend, 
which it is thought will give all the protection required. 

"Respectfully submitted. 

"W. G. PRICE, 

"Assistant Eiiyifieer. 

"Maj. Amos Stickney, 

" Corps of Engineers J U. S. -4." 



MOXBT STATBMBNT. 



In Treasury Department, Washington, D. C, July 1, 1882 |144, 525 90 

Drawn $136,000 00 

Transfer and deposit - 12,826 25 

123, 173 75 



316 REPORT OF THE MISSISSIPPI RIVER COBiMISSION. 

Notdrawn, September 30, 1884 $21,352 16 

On han^, assistant treasorer, New Orleans, July 1, 1882 3, 267 91 

On hand, assistant treasurer, New Orleans, September 30, 1884 22, 997 61 

In hands of assistant to September 30, 18S4 1,053 31 

Available September 30, 1884 45,403 07 

Balance due from appropriation, October 31, 1883 5. 577 10 

Received since October 31, 1883 $136,000 00 

Transfer and deposit 12,826 25 

Expended since October 31, 1883 93,545 73 

On hand September 30, 1884 24,050 92 

136, 000 00 

Total available since July 1,1882^ 147,793 81 

Total expended since July 1,1882 102,390 74 



Condensed list of plant for which Maj, Amos Stickneyj Corps of Engineers^ U, S, A., is 

responsibUf and its present estimated value. 

HARBOR AT NEW ORLEANS, LOUISIANA. 

1 boat, steam (stern-wheel) $14,325 00 

1 boat, tug (steam) 4,500 00 

1 launch (steam) 2,700 00 

15 barges 21,500 00 

1 barge, coal 40 00 

MOUTH OF RED RIVER, LOUISIANA. 

2 boats, quarter $3,500 00 

HARBOR AT NATCHEZ AND VIDALIA. 

4 boats, flat Almost valueless. 

cubitt's gap. 

Total allotted $300 00 

Total drawn 300 00 

On hand, assistant treasurer. New Orleans, La 162 86 

Expended to September 30, 1884 137 14 

observations at carrollton. 

Total allotted 4,500 00 

Total drawn 4,500 00 

Total expended 4, 454 11 

On hand, assistant treasurer, New Orleans, La 49 89 

UNLEVEED FRONTS. 

Total allotted.- 1,000 00 

Total drawn 1,000 00 

Total expended 902 12 

On hand, assistant treasurer. New Orleans, La 97 88 

Very respectfully, your obedient servant, 

AMOS STICKNEY, 
Major of Engineers j U. S. A. 
Lieut. Col. C. B. Comstock, 

Corps of Engineers, U, S, A. 

President Mississippi River Cmnmission. 
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Appendix K. 

report of captain k. h. rtjppner, corps op engineers, upon the improve- 
bfent of the mississippi river between the dbs moines rapids and the 
mouth of the illinois river. 

United States Engineer Office, 

Quinci/y III, October 17, 1884. 

Sir: In compliance with your circular calling for an annual report of the opera- 
tions in the ** improvement of the Mississippi River between the Des Moines Rapids 
and the mouth of the Illinois River," up to October 1, 1884, I have the honor to for- 
ward herewith copy of the annual report of Maj. A. Mackenzie to July 1, 1884, and 
to supplement his report by a brief one of my own, to cover the period from July 1 to 
October 1, 1884. 

Understanding it to be your wish t!iat the report be a-s concise as possible, I have 
not forwarded the reports of Major Mackenzie's assistants, which can be sent you if 
4esired. 

Having reported at Rock Island, 111., August 14, and assumed charge, after an 
inspection of the river, on September 1, 1 am really only able to report of the inter- 
vening period to end of September ; but as the principal work was done that month, 
perhaps all that is required will be found. 

Very respectfully, your obedient servant, 

E. H. RUFFNER, 
Captain of Engineers. 



IMPROVEMENT OF THE MISSISSIPPI RIVER FROM DES MOINES RAPIDS TO MOUTH OF 

ILLINOIS RIVER. 

With this general appropriation, works for the benefit of through navigation are 
carried on at localities selected each year as being in greatest need of improvement. 

During the past fiscal year improvements have been carried on by formal contract 
at Louisiana, Mo., and Quincy, 111., by informal agreemeutat Gilbert's Island and vicin- 
ity, and by aid of the Government plant at Alexandria, Quincy, Marion City, Hanni- 
bal, Canton, Howard's, Gilbert's Island, Denmark Island, and Dardenne Island. 

The details of this work are given in the reports of Assistants Meigs, Hoffman, Dur- 
ham, and Chaffee. Allotments have been made from this appropriation for the snag- 
bo-it service, the removal of wrecks, survej^s, and additions to plant. 

The work at all points, excepting Howard's, has been of the same character as that 
heretofore carried out and fully described in previous reports. At Howard's Bir, be- 
tween Canton and La Grange, Mo., a Government dredging outfit was used in con- 
nection with the formation (3 a new channel and the construction of dams. Howard's 
(or Smoot's) Crossing, always one of the worst between Keokuk and Saint Louis, 
threatened, during the fall of 1883, to seriously interfere with navigation. A cut 
about 1,000 feet long, 110 feet wide, and of a depth of 5 feet at extreme low water, 
was made through the bar in about a week, and at comparatively small expense. 

Eleveu thousand one hundred and ninety cubic yards of material were removed by 
the dredge. This cut remained open and furnished a good channel throughout the 
season of low water. 

After the completion of the cut the dredge supplied, from a gravel bar, material for 
the construction of two wing-dams similar to the one constructed at Hannibal in the 
spring of 1883. 

While the first wing-dam was under construction the swift current caused the 
gravel to spread over a very wide area, and to obviate this waste of material appli- 
ances for checking the current during time of construction were subsequently used. 
The small amount of money available for work during the year and the late day at 
which it was permissible to make use of the Government dredge cut short the season 
of operations in the vicinitjr of Howard's, but enough work was done to fully estab- 
lish the fact that dams can be constructed of gravel more rapidly and at a much less 
cost than those built of brush and rock. This class of work will be resumed when 
future appropriations will permit, and before the close of the present season it is ex- 
pected that important results and information will be secured. 

Trouble being anticipated at Mundy's Crossing, 18 miles below Hannibal, during 
the period of low water of last season, a cut 60 feet wide, 6 feet deep, and about 200 
feet long was made in thirty-six hours by a hired dredge. After this out was opened 
no difficulty was experienced at this point. 

The experience of the past season has shown that much assistance can be given 
to navigation by this kind of work, which, though temporary in a certain sense, is 
likely to be permanent for one season, if not longer. By the temporary use of dredges 
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at an expent^e ho comparatively small as to be fully Justifiable, I have no doubt a good 
navij(able channel can be ojaintained during the low-water season on this stretch of 
the river, and if the navigation of the river is to be continued with success by steam- 
boats, such temporary aid must be given until such time as the permanent channel 
improveuient is completed. It is proposed to furnish as much aid in this direction 
during the coming season as circumstances permit. 

The funds available have not permitted work to be carried on during the past year 
at the Government quarry at Dixon's Landing, but a portion of the rock in store at 
that point was used in connection with improvements near Qnincy, 111. A large 
amount of rock is still on hand, an(l will be used during present season. This quarry 
is an importaut adjunct of the work of river inipnivement, innuring as it does, when 
other sources fail, a steady and ample supply of rock at a reasonable cost. 

The greater part of the work of the pant liscal year was carried out late in the sea- 
son of 1883, and results attained cannot be given until the low -water season of present 
year arrives. 

At points where former improvements were made, no trouble has been experienced 
during the past year, even at the lowest stages. A sketch showing the favorable re- 
sults attained below the Louisiana Bridge is appended. 

The system of improveuient now being carried out between the Des Moines Rapids 
and the month of the Illinois River, which consists in closing side chutes and reduc- 
ing the stream to a uniform width, will in time accomplish all the results claimed for 
it, and that this system is generally indorsed, and has greatly benetited commerce, 
is conclusively shown by' the report of the select Senate committee, published in 
Senate Doc. No. 36, Forty-second Congress, first session. 

The point which is now especially aimed at is such improvement in the methods 
of constructing wing and closing dams and shore protections, as will reduce their 
original cost, and do away with the expense attending repairs, &c., and at the same 
time admit of more rapid construction. 

No funds have been available for resuming work in 1884, excepting in the vicinity 
of Quincy, 111. During the past winter the plant pertaining to this appropriation has 
been put in good order, and is now ready for use. 

Summary of expenditures for fiscal year ending June 30, 1884. 

Quincy revetment $24,325 47 

Vicinity of Louisiana 44,890 71 

Repairing dam at Alexandria 1,619 92 

Marion City and Hannibal 13,934 83 

Repairs at Gilbert's, Denmark, and Dardenne islands 23, 987 04 

Dredging and building gravel dams at Howard's 5, 613 50 

Quincy (dams 1, 2, and 3). 1,577 54 

Repairs at Canton and Smoot chutes , 4, 592 56 

Removing wrecks at Hamburg, Keokuk, and Quincy 1, 332 07 

Purchase and repairs of plant 15, 018 36 

Snag-boat General Barnard " 348 33 

Surveys and gauges 502 12 

137,742 45 
Note. — Of above amount, $5,978.82 was reported as outstanding liability July 1, 1883. 

Expenditures on the various sections of the river bettveen Des Moines Rapids and the mouik 
of the Illinois River from commencement of improvement to July 1, 1884. 

Des Moines Rapids to Quincy Bridge (40 miles) •. $80, 653 58 

Quincy Bridge to Saverton (25 miles) 49,352 76 

Saverton to Louisiana Bridge (25 miles) - % . 198, 703 77 

Louisiana Bridge to Hamburg (25 miles) 96,788 04 

Hamburg to Illinois River (48 miles) 41,968 30 

Surveys and gauges 38, 363 35 

Snag-boats and wrecking 23, 784 36 

Material and Government quarry 29, 538 82 

Plant at estimated value : 43,253 78 



602, 406 76 



As the Government is now provided with the plant and outfit needed for carrying 
on extensive operations, and as an economical method of working requires liberal ap- 
])ropriation8, it is hoped thai this section of the river may be granted the sum of 
)|l,000,000 for the fiscal year ending June 30, 1886. 
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ABSTRACT OF APPROPRIATIONS. 

By act approved June 18, 1878 $100,000 

By act approved March 3, 1879 40,000 

By act approved June 14, 1880 100,000 

By act approved March 3, 1881 , 17.S000 

By act approved August 2, 1882 'iOO, 000 



A true copy. 
A true copy. 



615, 000 



A. MACKENZIE, 
Major of Engineer 9. 



E. H. KUFFNER, 

Captain of Engineen. 
Lieut. Col. C. B. Comstock, 

Corps of Engineers y 

President Mississippi River Commission, 



IMPROVING MISSISSIPPI RIVER BETWEEN DES MOINES RAPIDS AND MOU*rH OP ILLI- 
NOIS RIVER, JULY 1, 1884, TO OCTOBER 1, 1884. 

(Major A. Mackenzie, Corps of Engineers, in charge to September 1, Captain E. H. 
Ruffuer, Corps of Engineers, in charge September 1 to October 1.) 

During July no new work was doue, the operations in construction being confined 
to the raising and repairing of the dams opposite Quincy, 111., known as 2.68 and 3.68, 
in which works were used 1,438 cubic yards of stone. 

The project of expenditure for the new appropriation having been approved Angast 
1, work was begun first by continuing the shore protection of Buffalo Island, below 
Louisiana Bridge, under the contract with Patterson Bros., dated November 9, 
1882, and the raising of a low place in the wing-dam built from the shore opposite the 
foot of Buffalo Island. This work was satisfactorily completed August. 30. An agree- 
ment was made with Mr. H. L. Brown, at 25 cents per cubic yard for dredging gravel 
and putting in a foundation 3 feet deep for a closing dam between Brokan Island and 
the Illinois shoie. This work began in August and was finished October 15, and the 
materia] used amounted to — 

19,760 cubic yards, at a cost of $4, 940 

15 piles, at a cost of 60 

5, 000 

To complete this work, that is to put in the shore protection at the head of Brokan 
Island and the brush and stone dam on top of this foundation, bids were opened Sep- 
tember 1, 1884, of which the following is the abstract : 



l_ 

1 

2 
3 
4 
5 
6 



10,000 cnbio yards 8,000 onbio yards 
of stooe. of bmsh. 



Names and residences of bidders. 



Fruin, Bambric &, Co., Saint Lonis, Mo. 

H. McPherson &, Co., Boonville, Mo 

C. S. Whitney, Keokuk, Iowa 

N. J. Whitney, Keokuk, Iowa 

H. S. Brown, Quincy, 111. 

Patterson Bros., Keokuk, Iowa 




Amount. 



$14,900 
14,900 
13, 500 
14,900 
14, 000 
13,500 




Aggregate. 



$21,300 
21, 700 
20, 700 
21, 300 
21, 280 
18, 700 



Contract was made with. Patterson Bros., of Keokuk, Iowa, for this work at the 
above figures, and work began at once, September 24, and some small amount was 
done before the close of the month. Mr. J. C. McElherne has acted as the inspector 
for the works in this vicinity, and will for the new work contracted for by Messrs. 
Patterson. 
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On Auffust :{ instructions were given Assistant Engineer £. F. Hoffman to begin 
work witn United States dredge No. 2, tow-boats 3 and 4, and suitable barges, &c., 
on a closing dam between the Illinois shore and the island, No. 421, opposite La 
Grange. This work was in immediate charge of Assistant Engineer W. A. Thomp- 
son ; Assistant Engineer Hoffman died August 13. After that time Assistant Engineer 
O. N. Chaffee exercised a general snpervision over this work, as well as over that 
done by the Coal Bluff and plant. 

The closing dam was built somewhat differently from ordinary, there being a line 
of piles and sheet piling used as principal obstruction to the flow of water through 
the slough. Strengthened by the use of mat>s, gravel, and of stone, it was hoped 
the dam would answer its purpose, and be more economical than other methods 
used. Time will show as to this. This dam was completed September 17. A wing- 
dam was then begun, about ::^,(K)0 feet below wing-dam 3.66, half way between Can- 
ton and La Grange, and was fairly under way at the close of the month. The effects 
of these new works are not as yet evident, owing to their recent construction and 
continued high water, but it may be said that the bar above La Grange is evidently 
cutting and the channel straightening. 

The steamer Coal Bluff (U. S. No. 5) was prepared for service September 1, and 
started from Keokuk for work near Dixson's Landing with part of her plant. It was 
found, however, that she leaked badly and she was placed on the ways at Quincy. 
This, and a de.lay in getting her off from the ways, postponed the beginning of the 
work until the mid'ile of the month. Since then she has been engaged in putting in 
shore protection at Bolter's Island, and in preparing to put in a dam from the island 
to the tow-head, a work which will be about 300 feet long. This work is under the 
immediate charge of Assistant Engineer C. M. Bennett. 

Continuous high water in September and since then has made the works of con- 
struction more tedious and expensive than usual, and have hindered necessary sur- 
veys to determine the effects of previous works. 

Assistant Engineer O. N. Chaffee has assisted me in the purchase of supplies, the 
inspection of work and the general management of working parties, and in carrying 
out the plans of Major Mackenzie, as set forth in the approved project. 

Bids were opened September 5 for dredging in Quincy Bay in accordance with the 
terms of the appropriation, which allotted $12,500 for this purpose. The contract was 
assigned to H. S. Brown, after X). L. Williams who had made an equally low bid, had 
resigned in his favor. 

The abstract of proposals is given below : 
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1 
2 
3 

4 
5 



Names and residenoes of bidders. 



J. W. Heisey, Barlin^n, Iowa 
C. 8. WhitDey, Keoknk, Iowa .. 
C. L. "Williams, Keokuk, Iowa.. 
A. J. "Whitney, Keokuk, Iowa.. 
H. S. Brown, Qninoy, 111 



6 I B. E. Linehan, Dubuque, Iowa. 
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Per cubic yard, j Per etibieyard. 



$0 15 

14 
12 
14 
22 



$0 21 
21 
14 
15 
14 
23 



$11,700 00 

12, 421 25 

8, 400 00 

8,550 00 

8,400 00 

13,650 00 



ESTIMATED VALUE OP PLANT. 

Coal Bluff, United States tow-boat No. 5 ^10,000 

6 new barges, at $3,000 18,000 

3 old barges, at $1,200 3,600 

1 old barge 500 

1 coal flat 1,200 

1 pile-driver and tender 1, 800 

3 quarter-boats, two at $1,800 and one at $500 2,300 

1 launcb, Irene .' 1,500 

1 dredge. United States No. 2 25,000 

6 dump boats, at $1,000 6,000 

69, 900 
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FINANCIAL STATEMENT. 

Appropriation, Jnly 5, 1884 $200,000 00 

Amount expended to October 1,1884 J18,251 35 

Amount contracted for with Patterson 18, 700 00 

Amount contracted for with H. 8. Brown 8, 400 00 

45,351 35 

Balance available October 1, 1884 154,648 65 



Appendix L. 

BXPORT OF MAJOR O. H. ERNST, CORPS OF ENGINEERS, UPON THE IMPROVEMENT OP 
THE MISSISSIPPI RIVER BETWEEN THE MOUTHS OF THE ILLINOIS AND OHIO 
RIVERS. 

United States Engineer Office, 

Saint Louis f Mo,, October 17, 1884. 

Sir: In compliance with the instructions contained in your circular of September 
17, 18H4, I have the honor to submit the following annual report for works executed 
from funds controlled by the Mississippi River Commission, the report being brought 
down to October 1, 1884, " for the portion of the river under my charge, viz, between 
the Illinois and Ohio rivers." 

This portion of the river came under the control of the Commission by a provision 
in the river and harbor act of July 5, 1884. Up to that time operations had been car- 
ried on under the Chief of Engineers, United States Army, being regularly described 
in my annual reports, the last of which gives their history for the fiscal year ending 
June 30, 1^'84. Upon the 8th of Angust I received notice that my project for the ex- 
penditure of the new appropriation, the first one under the control of the Commission, 
was approved. At that time the works had been suspended for abont two months, 
nearly all supplies had been exhausted, and the laboring force was disbanded. Al- 
though preparations for the procurement of supplies and the reorganization of the 
force had already been begun, and no time has since been lost in this office, these 
preparations are not even yet entirely completed. The works under the new appro- 
priation may therefore be said to be only fairly inaugurated. My report upon this 
occasion will therefore necessarily be brief. The works consisted entirely of the re- 
pair or extension of those begun in former years, with the exception of the one at 
Cairo, 111. 

ALTON. 

The dike opposite and above the landing at Alton had accomplished the desired 
result of imi)roving the landing, but there had been considerable settling in some 
portions of it. To preserve its efficiency it was considered desirable to fill up the de- 
pressions, and to raise the general level of its crest to the height originally fixed 
upon — 14 feet above low water. This work was begun in August. By the 1st of 
October a length of about 1,680 feet had been raised to the required height, and good 
progress had been made in raising other portions. The work was temporarily sus- 
pended at that time, on account of high water. The expenditures were $4,915.40, 
making the total cost of the dike to that date $72,240.10. 

ARSENAL ISLAND. 

The protection of the west side of Arsenal Island had been put in at various dates, 
beginning with 1877. The portion near the bead of the island was unprovided with 
a mattress at the foot of the slope. It was considered necessary to place such a mat- 
tress, in order to secure the old work from in juiy, and an extension of the whole, 
about the head of the island, had become necessary. The work was begun August 
12, and completed September 19. A mattress 120 feet wide and 1,283 feet long was 
placed below low-water mark, its up-stream extremity being about 300 feet abovo 
the terminus of the old work. Riprap was deposited upon the bank, above low 
water, over this length of 300 feet, and about the head of the island to a distance of 
about 100 feet oi> its eastern side. 

HORSETAIL. 

^ The new bank built up by the work of former years, upon the west or Missouri, 
side of the river, had been partially protected on its channel side, the mattress hav^ 
isg been placed at the foot of the slope, and riprap deposited above low-water mark. 

H. Ex. 64 21* 
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to a height of about 6 feet. This protection has been extended this season to & 
height of about 21 feet above standard low water, for a length of about 1,150 feet. 
A portion (about 360 cubic yards) of the stone used was obtained from the old dike 
No. 1. Upon the Illinois side, the two new hurdles, called 27^ and 29}, which had 
been constructed to a length of 1,3'^ and 1,450 feet, res{)ectively, from the Illinois 
shore, were extended to their full length of 2,055 and 2,135 feet, respectively, and 
were nearly completed. A new hurdle, to be called No. 31, was laid out about 1,000 
feet below No. 30, but only a few piles (eight) had been driven October 1. The good 
results heretofore secured have been maintained during the recent low-water season^ 
the least depth found being 9 feet. 

TWIN HOLLOWS, WEST 8IDK. 

Very heavy deposits were secured at this locality during the summer rise. Some 
repairs were required in the primary hurdle nnd in secondary hnrdles 1, 4, and 5. 
Those in No. 1 were completed, and those in the primary hnidle nearly completed, 
and those in No. 4 were begun. The good results heretofore secured by these works, 
in connection with those at Pulltight, were maintained throughout the reeent low- 
water season, the least depth found in the channel being 9 fejt. The lower crossing 
has been pushed down-stream sufficiently far to justify the beginning of another sec- 
ondary hurdle, No. 6. The process of straightening^ the channel is working very 
favorably. 

TWIN HOLLOWS, EAST SIDE. 

The river having shown a tendency to attack the bank at a point lower down than 
where the protection of former years had been placed, it became necessary to extend 
the latter down-stream. This work was begun early in September. A mattress 120 
feet wide, to be placed below low- water mark, was begun, and by the Ist of October 
had reached a length of 990 feet. The old work stands intact. 

PULLTIGHT. 

Work at this locality was begun in the latter part of August. Hurdle No. 5, which 
required only the wattling to finish it, was completed, and No. 4, 1,770 feet long, was 
begun and by the 1st of October was well advanced towards completion. These 
works have contributed towards the good results above reported for Twin Hollows, 
west side. 

** JIM smith's." 



The most extensive works of the season are being carried on at this locality,' bnt 
they consist 8im]>Iy of reconstructing the old hurdles and decreasing the interval be- 
tween them, by the construction of new ones midway between the old ; they may be 
described in small space. 

Work has been prosecnted upod Nos. 3^, 4, 4^, 5, 5^, 6, 6^, 7, and 7^. Of these, 4, 4^, 
and 5 were well advanced toward completion on 1st of October; 3^ and 6 were only 
fairly begun, and good progress had been made upon the others. The least depth 
found in the channel during the recent low-water season was 7^ feet and was found 
•opposite Chesley Island. 

CAIRO PRpTBCTION. 

The river and harbor act of July 5, 1884, in the item appropriating f 520, 000 for this 
district, provided as follows, viz : ** $50,000 of which sum shall be used in extending the 
works for the protection of the easterly bank of the Mississippi River at Cairo, III., 
and the prevention of its wash or erosion, commencing at the southerly end of the 
present Government revetment work, and continuing down-stream.'' The locality 
thus specifically described is shown upon the inclosed sketch. A series of spur-dikes 
were constructed here some thirty years ago by the Cairo Land Company. Tney have 
had the usual effect of spur-dikes built in a rapid-fiowing stream with a soft bottom. 
Deep excavations have been made between them, and in the case of two or three at 
the up-stream end of the series, thoy have been cut off from the bank and hare dis- 
appeared. Those that remain have been the subject of repair at intervals ever since 
their construction, and large quantities of stone have been placed upon the bank 
between them. These re-enforcements have usually been made under pressure, 
when the river was high and threatening. The material was thrown in where it 
. seemed to be most required, without much system, and without any record of where it 
was deposited. It is uncertain how much of the slope below the water-surface is cov- 
«ered, but it is to be supposed that much of that between the spurs is not safe from 
.undermining. It was accordingly determined to place a continuous mattress of the 
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standard width 120 feet outside of and embracing all the spurs and intervals between 
theni) the inner edge of the mattress being placed as nearly as practicable on the low- 
water line. The jagged outline of the bank rendering necessary sharp curves in the 
mattress, and the swift currents about the ends of the spurs having a velocity in 
49ome cases of 8 feet per second, have made this a difficult piece of work. By the 1st 
of October the mattress had reached a length of 1,012 feet, of which 250 feet at the 
up-stream end had been sunk. The cash expenditures were $5,511.51, to which should 
be added $1,916.67 for the use of plant. 

The cash expenditures for the works other than Alton and Cairo were $77,612.23. 
As these works are being carried on with one plant, and are being supplied from a 
single base, it is impracticable to give the expenditures for each one separately within 
the time fixed for rendering this report, viz, October 20. 
Very respectfully, your obedient servant, 

O. H. ERNST, 

Major of Eugineers. 
Lieut. Col. C. B. Comstock. 

Corps of Engineers, U, 8, -4., 

President Mississippi Biver Commission. 



Estimated value of plant October 1, 1884. 

Steamer Humphreys 1 $20,663 45 

Steamer Gillmore 19,360 25 

Launch Hornet 224 96 

Launch Florence 775 00 

Barges, barge flats 42,098 07 

Pile-drivers 39,867 15 

Quarters, shops, &c 29,571 65 

Quarter-boats 4,713 48 

Skiflfe,&.c 7,662 18 

Tools and appliances 6,950 92 

Hydraulic excavator 5, 825 63 

Ways for mattresses 4,081 69 

Photographic apparatus 339 51 

Office furniture 905 87 

Surveying instruments 1, 101 67 

Boarding outfit 12,692 14 



Total 196,833 62 



* 



Appendix M. 

REPOBT OP THE BOARD OP ENGINEER OPPICER8 UPON THE ALLOTMENT OP PUND8 
POR THE PRESERVATION AND REPAIR OP UNITED STATES LEVEES ON THE MISSIS- 
SIPPI RIVER. 

» 

United States Engineer Office, 

Memphis, Tenn,, August 27, 1884. 

Sir : The Board of Engineer Officers convened by Special Orders No. 100, headquar- 
ters Corps of Engineers, United States Army, Washington, D. C, August 11, 1884, to 
make recommendations for the division of the remaining $160,000 of the allotment for 
the preservation and repair of levees among the United States levees on the Mississippi 
River needing repairs and completion, have the honor to make the following report : 

The Board met at Memphis, Tenn., August 25. It consisted of Maj. Amos Stickney 
and Gapt. C. B. Sears; Mtg. A. M. Miller, Corps of Engineers, having been relieved 
from the Board by Special Orders No. 188, headquarters of the Army, Adjutant-Gen- 
eral's Office, Washington, D. C, August 12, 1884. 

The Board remained in session thre6 days, carefully considering the whole question 
before it, and listening to written and verbal statements and petitions laid before it 
by the eneineers and members of the various State Levee Boards and representative 
citizens of the various places along the river immediately interested in levee work. 

From the best obtainable data it was found that for the repairs in United States 
levees, to close gaps only, and to provide for raising the Lake Concordialjcvee 1 foot, 
made necessary by the King's Point Cut-off, there would be required the following 
amounts of earthwork, viz : 
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TAZOO FRONT, SECOND DISTRICT. 

Cubic yftrds. 

Garth and McClond breaks 140,000 

TENSAS FRONT, THIRD DISTRICT. 

Daffin break 20,000 

Panther Forest 271,000 

Raleigh to WiUow Point 186,000 

Delta to Bedford 24,000 

Total 501,000 

TKN8A8 FRONT, FOURTH DISTRICT. 

Point Pleasant breaks 30,000 

Ship's Bayou to Hard Times € 43,139 

Hardscrabble to Bondurant 177,388 

Kempe Levee 108,110 

Lake Concordia 150,000 

Total 508,646 

A total yardajze of 1,149,646 cubic yards, estimated to cost $345,000. 
Having only fl60,000 with which to accomplish this work, the Board thought best 
to throw out such breaks as could not be filled entirely, and which by being only 
partially filled would be of little good by reason of breaks above or below. 

The Board recommends, therefore, the following division and allotment of the 
$160,000 :— 

For preservation and repairs of United States levees in Yazoo Front, second district, 
$20,000, provided the Levee Board of the first levee district of Mississippi is enabled 
and will guarantee to expend $500,000 on its levees in said district. In case, however, 
guarantees for the expenditure of this amount are not given by September 10, 1884, 
or, in case it be definitely stated by the Levee Board of said district, or its engineer,, 
before said date, that it will be unable to expend the amount of $500,000, then it is 
recommended that this $20,000 aforesaid shall be allotted for repairs to United States 
levees in the Yazoo Front, third district. 

For preservation and repairs to United States levees in Tensas Front, third district, 
$50,000. 

For preservation and repairs to United States levees, Tensas Front, fourth district, 
$90,000. 

AMOS 8TICKNEY, 
Major of Engineers, U.S.A. 
CLINTON B. SEARS, 
Captain of EngineerSj U.S. A, 
The Chief of Engineers, U. S. A., 

Washingtonf D. C. 
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